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PREFACE

The following essay sketches in the history of the Indian atomic
energy program. It deals in some detail with the early efforts of Canada
and the United States to help the Iﬁdian prqgrah get underway, and therefqre
witﬁ some of the early hopes for the future of the‘pééceful uses of atomic
energy, in particular for the production of electric power, and for the
eventual discovery of a breeder that would create a;'much fuel as it consumes.

In discussing these early hopes, the essay mentions some of the more
cautious estimates about the economic utility of this advanced technology
for developing countries, and the early'advice of some Brigish, French, and
American economists that these countries should wait until the technologies
for nuclear electric power have been tested in practice before investing
capital in them. In India, howe;er, her desire to be the leader of the
Third World, combined with the desire of Canadé, the United Kingdom and the
United States to bring the wonders of the atomic ‘age to those less fortunate, -
have resulted in a large nuclear research establishment in India, and an am-
bitious program for providing nuclear electric power with all of the support
facilities and skilled labor that requires.

Unfortunately, in the course of helping to build tﬁe nuclear establishment
in India, and in negotiating the agreements for cooperation with India and the
International Atomic Energy Agency, the United States and Canada were both
lax in séelling out exactly what a "peaceful use" constraint involves. India
was the country of Nehru, firmly attached to Peace, if not to non-violence,
and it seemed unnecessary at the time to injure the sensitivities of a newly
sovereign nation by insisting on safeguards that, India claimed, violated her

sovereignty. At the same time, the early fears of American scientists about
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the bomb potential of power reactor plutonium seem to have vanished, after
efforts at the international control of atomic energy had failed. Today

the United States makes clear that power reactor plutoniym caﬁ be used

ot bl m Do ~ Loleorn (+eTiR4

o make a nuclear explosive that will‘reliably yield a kilotontor._so, and
that a facility to separate plutonium can carry a naé@on a long way down
the path to making a nuclear bomb. |

The Indian case illustrates the fact that present intentions never
to undertake a military nuclear program are no guaranﬁee that the govérn—
ment will not change its course in the future. Three events occurred in
India in the sixties to open the way to a military nuclear option: India's
defeat in the Sino-Indian border. war in 1962, the Chinese nuclear weapons

production program, issuing in a series of tests beginning in October, 1964,

~=e————and—Indiats-briéef war with Pakistan in the Fall of 1965, during which the

United States cut off aid to both India and Pakistan.

When India exploded a nuclear device on May 18, 1974, the United States
took the position that India had not violated the specific contract with the
United States on the Tarapur reactor, because the plutonium used in the ex-
plosion had been extracted from the spent fuel in the Canadian-supplied reactor,
the CIRUS. Some members of the U;S. Congress were not satisfied with this
explanation, which overlooked the peaceful use constraint on Indian use of
American supplied heavy water in the CIRUS, and which seemed to disregard
India's violation of the spirit of the agreement on nuclear cooperation.

The Canadians on the other hand stopped work under their agreement for
the Rajasthan power reactor complex immediately after the explosion, even
though it was plain that RAPP II, the second Rajasthan reactor, had nothing

directly to do with the explosion. In May 1976 they refused finally to renew
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—~



Source: http://www.albertwohlstetter.com

cooperation wicﬁ India, since India refused to abandon its nuclear explosiﬁe

~ program and would only defer it until completion of RAPP II. Since then’

Canada has refused cooperation with such countries as Pakistan, which
have refused to disavow nuclear explosives.

. The author believesthatcénada's choice of policy is the onme that the
United States should follow: further nuclear cooperation with non-weapon
states should be premised not merely on their literal fulfillment of all
agreements with the U.S. government, but on their entire'nuclear program,
and on the question as to whether that program is serving exclusively
peaceful aims or advancing military ones also. Today in India the new
administration is headed.by Morarji Desai, who has been on record since
the sixties against nuclear weapons for India, and who has already —— in
the first days of his governance -- called into question the usefulness of
a nuclear explosive program for India. It would seem appropriate for the
United States ;o~;akg advantage now of this significant\ghanée from the

policy of Indira Gandhi. Specific‘policy suggestions are spelled out at the

end of this essay.
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1. "THE BUDDHA SMILES": ABSENT-MINDED

PEACEEUL ATD AND THE INDIAN BOMB

SUMMARY OF SOME MAJOR POINTS ON INDIAN NUCLEAR EXPLOSIVES % 17 6é : L
1.  Plutonium and the early Indian nuclear program—""

I

The Indians decided in roduce and separate plutonium, long before

they decided to make a nuclear explosive. So did the British, and so did the

French. The Indians had separated plutonium in their Phoenix reprocessing plant
by 1965, years before they had any power reactors in operation, and the decision

to separate plutonium had no persuasive economic Jjustification. It was tied to

plans in the 1950s for developing an Indian breeder reactor which is still remote in

the 1970s. However, India's plans to produce plutonium with only a tenuous and

vague relation to a realistic program of power production were not very differ-

ent from the vague expectations of the U.S. and the U.K. in the 1940s and the

1950s about the utility and even the necessity of plutonium in the production

e e s m e e ———— o

of electric power.

Whether or not Indian plutonium ever became important in the generation
of electricity, the separated plutonium would carry India most of the way
toward a nuclear explosive. The same would be true for any country acquiring

substantial amounts of separated plutonium. Neither our export policy nor that >

b4
DY
of any other country had recognized this fact nor seriously tried to cope with
C
S
its consequences until President Ford's announcement of October 28, 1976. \ES
2., First steps to a bomb W %
. N \.‘.
It appears on the basis of public evidence that sometime in late 1964 L
AR
: RN
Prime Minister Shastri had given Homi Bhabha, the director of the Indian AEC \i\-
permission to reduce the critical time needed to make a nuclear explosive. i} \
v
‘~. t,\
Bhabha had stated some time before his death early in 1966 that India could ﬁm K
LY
SO
make a bomb in 18 months, and by the spring of 1966 some Indians were claiming .3 n
.
*These points are not an outline following the order of the monograph; instead, /7i9;
they“pick out some of the main conclusions that emerge from an analysis-of-the A
Indian case. - S /‘{ 3 }
~ - M e, T L P, = ~73
,‘,./L_"- .3.- :}L"‘-i'{“"e/ peee ‘- i e . \-‘L{‘ L(\ . //:‘ 7 / ' ! 0 ’l'f‘\«‘ - -~ {
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it could be done in 6 months.*.Evidently Shastri's permission set in motion -
work on design of an explosive system and preparation for testing of the non-
nuclear'components. This preliminary activity would

still leave open the question as to whether India would assemble a nuclear
explosive, and also the question of whether with the explosive at hand,
India would choose to detonate it. Shastri's private relaxation of his
public stance was motivated primarily by concern about China, and the de-
cision to go ahead with military components was given greater impetus by the

withdrawal of American military aid in the fall of 1965.*%

3. Minor events can tip the decision in exact timing of a test

India illustrates that,with cumulating changes that shrink the critical
time, only a minor event is needed to tip the decision in the timing .for ex-
ploding a nuclear device: for example, a mere "tilt" toward Pakistan by the
United States rather than a reversal of alliance, or a need for a distrac-
tion from transient domestic economic troubles, such as a railroad strike.
The basic decision to come close to making a bomb has to do with more

fundamental, long term interests.

4, Shrinking critical time rather than merely preserving the option

One frequently talks of a given government trying to preserve the
option to become a military nuclear power. But the phrase is misleading.
Asovereign government cannot surrender such an option in perpetuity,
even if it renounces the possibility with fewer qualifications than in the
Non-Proliferation Treaty (NPT). It can always change its mind and, starting

from where it stands in nuclear technology, proceed to get weapons.

* See pp.3-95, 96, and 3-101 £f. of this Monograph. / N a7
**See pp. 3-101 ff. / ) ST R PR ‘
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The Indian case, however, illuétrates<the more important phenomenon, namely
that-a government can,withdut'overtly proclaiming that it is going to make
bombs (and while it says #nd possibly even means the opposite),

undertake a succession of programs that progressively reduce the amounﬁ of
time needed to make nuclear explosives, when and if.it decides on that
course. This can be done consciously or unconsciously, with a fixed pur-
pose of actually exploding a device, or deferring that decision until later.
But it is more than holding out the option. It involves steady progress

towards a nuclear explosive.

5. The linkage of decisions to explode a nuclear device

The Indian program illustrages the linkage of decisions among antago-
nists to get nuclear explosives, and also the fact that the linkage is not
a mechanical phenomenon, but related to a network of competing national
interests and domestic factions. The Chinese nuclear explosion in October,
1964 followed the Sino-Indian conflict in 1962 which itself had been a
flaring into the open of the rivalry between the two Asian powers, previously
smothered in the rhetoric of co-existence. The Chinese explosion generated
a policy debate among Indian domestic factions that led more or less steadily
to a nuclear explosion nearly ten years later. The beginnings of the nuclear
explosive program were clearly visible for at least 8 years. The Indian
explosion in tumm, following Pakistan's disasters in the 1971 war, may
confirm Pakistan's decision to get nuclear explosives, "even if," as
Prime Minister Bhutto said, "we have to eat grass." The consequences of
both the Chinese and Indian explosions involved not only such direct 1links,

but a more generalized lowering of the taboo.
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6. The rhetoric of peace and economic development

The rhetorical separation, as if in a dichotomy,‘of_peacgful and
military uses of nuclearrenergy, and the rhetorical 1dentificacion of
investments in civilian nuclear energy with economic development and
catching up with the advanced countries, form a su?stantial part of the
background of cumulative changes that made the nuclear explosive program

easler.

The identification of civilian nuclear energy with economic progress
1s sometimes made in self-consciously symbolic terms with no pretense at
hard economic argument, but mere}y as an invocation to modernity. Nuclear
technol;gy, it is said, is the most importantAor most characteristic
art of the present age -- "the nuclear age." Therefore it becomes the
essenfial for catchiné up.with the advanced ﬁountries, from which India
and other less developed countries have only recently been liberated.

Dr. Bhabha, the first director of India's nuclear energy program, argued
steadily in this vein against the economic arguments of Ffancis Perrin,
I.M.D. Little and others. He was aided by the rhetoric of Atoms for
Peace, and his early implementation of the Indian civilian nuclear
program found strong support in AID and the AEC of the 1950s as part of

a general and generous U.S. policy to aild third world development.

7. The rhetoric of disarﬁament

The Indians also use the rhetoric of nuclear disarmament and "general
and comprehensive" disarmament as ultimately justifying their production

of nuclear bombs: (a) nuclear armament would put them in a powerful
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position to argue for nuclear disarmament (a standard argument by intend-
ing nuclear powers), and (b) the only alternative to Inéia's nuclear
armament is unattainable, namely the disarmament of the superpowers and
of their own major antagonistVChina. Indian rhetoric here exploits the
insincerities and the hopes expressed in the rhetoric of the weapons
powers themselves. Off the record interviews at crucial periods make
plain ﬁowever, that Indian officials would put no trust evem in an agree-

ment by China to disarm totally. No such promise to disarm will |

substitute for an Indian nuclear weapons programfsince;they say, there

is no way of verifying the non-existence of Chinese bombs in the vastness

of China's territory. *

This is the reality underlying India's part of the’debate on Article

VI of the Non-Proliferation Treaty.

8. The danger of relying on evasive assurances.

In spite of the long gestation period, when the Indians were plainly
moving toward a nuclear explosive, U.S. experts both inside and outside
the government have tended to take Indian arms gontrol rhetoric at face
value. One excellent student of proliferation (Harold Feiveson) reported
in 1973, shortly before the explosion, on a consensus of U.S. experts that

the Indians would not explode a nuclear device.

9. The importance of national sovereignty in the less developed countries

Frequently in arms control negotiations we think of countries like
India as hostile to any surrender of sovereignty im an alliance, but as
quite willing to accept limitations by a truly universal international

authority. The Indians, as they prepared their nuclear program, were

sedulous attendees at Pugwash conferences, as well as highly vocal parti-

*See supra, p. 3-95, 96.
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cipants in thg Eighteen Nation Disarmament Committee. However, it is
apparent that India, like many othgr'less'developed countries, has been
among the most jealous of surrendering any paré of its sovereignty to an
international ianspectorate. It ﬁas fought against harassment by IAEA
inspectors and used some of the indirectness of the trilateral relatiom-
ship to keep as much freedom.of action as possible, and specifically

freedom from restrictions imposed by suppliers. Its agreement on nuclear

cooperation with the United States and the IAEA is unique in that safe-
guards apply only to the enriched uranium fuel supplied by the U.S. and

not to equipment.

10.. Ambigpities thaﬁ weaken sanctions

. The ambiguities of agreements on tﬁe Indian nuclear program are
central to the.problem. Di& the Id&ians violate any agreement in literal
terms? Even if they have not violated the exact terms of an agreement,
or even if they can argue that they did not, did their actions represent

a dangerous shrinking of critical time?

The United States government has made clear since 1966 that there is
no distinction between a peaceful and a military explosive. But the Indians
act as if the non-exclusive "and/or" were in fact a dichotomous “either

military or peacefdl, but not both." This posés proBlems for sanctious.

11. Sanctions and the costs fo those who impose them

Pfecisely because Indian behavior did not overtly and plainly violate
the letter of agr;ements as the Indians chose to construe them, the
decision to impose sanctions was vulnerable to arguments that the

sanctions imposed costs not only on the Indians but on the United States.
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U.S. shppliérs were heavily involQed, follﬁwing the spirit of the originél
opeh—handed Atoms for Peace program and later of Article IV of the Non~
proliferation Treaty that pr&mised'"the fullest possiﬂie exchange" to help
civilian nuclear enefgj programs.* (While Article IV was dirécted especialiy
at‘parties to the Non-Proliferation Treaty, it also stipuiated bdue consider-
atioﬁ for the needs of the devéloping areas of the vorld". And though the .
rights and duties under Article IV are limited by the obligation in Article.I,
"not in any way to assist non-nuclear weapons states to manufacture ox other-
—_— .
wise acquire...nuclear explosive devices", many non-nuclear weapon states in
this context conveniently forget Article I and the fact that this is a non~
proliferatibn treaty, not a nuclear development treaty.) The machinery of
grant aid and concessionary loans was nowhere more utilised than in the Indian
case. In our agreement with India we also undertook various obligations
(to send enriched uranium for reloads frequently enough to keep the reactors
operating, and to pfovide continuing technical assistaﬁce}.
of course, upon India's fulfilling her obligations. However, if she does not,
and if we stop our assistance, we do so at some domestic cost to American
business. At the very least American business will be smaller than if we
take a relaxed view of the customer's obliS%gion to eschew nuclear activities
with a potential for military applicatim. lEgsides American business, there
might also be objections from members of the relevant Congressional committees
and the media, who would feel after the so-called Pakistani tilt, that the
U.S. government was picking on India. Other factors also reinforce the re-
luctance to impose sanctions: some members of the U.S. bureaucracy think

the Indians were right; some were involved in negotiating the original agree-

ments with all their ambiguities; some, as always, find it pleasanter to

[

These are contingent

1%
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distribute rgwards rather than punishments and dislike being cast in the
role of heavy, perhaps especially with respect to a less developed country
that seems intermittently to be on the brink of f&mine,rand find the specter
of responsibility for bringing on one such famine hard to live with. For
example, a breakdown in electric power might decrease fertilizer production
which in turn might affect the crops in Gujarat, and so on.

Although the U.S. had and continues to have considerable leverage
in the continuing Indian need for help from General Electric when they rum
into trouble with operating the boiling water reactors at Tarapur, and in
the Indian need for slightly enriched uranium, heavy water, etc., it 1is easy
to understand why we have been reluctant to use the leverage.
12. Ambivalence

There is in any case an ambivalence in'U.S; policy. We have been
against proliferation in general, but not necessarily in particular. Non-
proliferation is only one of a number of foreign policy goals, and those
who stress it excessively tend to be regarded as famatics, "one-issue men."

If in fact the occasions for application of sanctions are blurred by
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14.

ambiguity, and the effectiveness of the sanctions themselves seems

weakened because we no longer hold a monopoly on the services we might

threaten to withhold, and since our influence over otﬁe: suppliers is

limited, policy is likely to be affected by a feeling of the inevitability

of the spread. From there it is a short step to reviving the comforting

doctrines, popular especially in the late fifties, that the spread would

not be so bad anyway. If we don't actually enjoy it, we might at least

relax.

13. Ambivalence is likely to reinforce the ambiguities

Our own ambivalence and that of other supplier countries and the
implicit rivalries among them make for a failure to press for very clear
bilateral understanding as to what is proscribed. (Canadian and U.S.
temporizing in the mid;196OS illustrates this.) Unilatefal underétandingg,‘
no matter how explicitly transmitged, are no substitute. (Trudeau's
plain talk to Indira Gandhi shows this. She was not talking -~ and not

listening either.) Canada's recent decision to stop aid on the RAPP II

——

reactor has finally drawn a clear line between safe and dangerous activities.

Her actions clearly say that a nuclear explosive is not exclusively peace-~

ful.

Intelligence, ambiguity and ambivalence

The U.S. intelligence function is weakened by the fact that it is

not very clear what it should look for (a violation? A legitimate activity

that is '"unsafe?") and whether there is much point in looking for it, since

there may be no clear policy to do something with the information and no
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urgent need expressed in advance. May 18, 1974 marks a failure to clari-

fy our policy on response more than a failure of intelligence.

15. Primitive versus sophisticated capabilities

The Iandian program proceeded slowly over a very extended period
under a nominal cover, but with many obvious indic;tions that they
intended at least to explode a device and get a few primitive weapons.
Partly because of this manner of proceeding, the Indians are a long
way from having a serious nuclear capability against their major adver-

sary, China. They suffer moreover from many geographical strategic

asymmetries for this purpose. It is conceivable that'they may proceed

-with a missile program at the same stately pace. On the other hand,

they do have sizeable ambitions in the world strategic environment,

(the title of their Defense Jdurnal is India in the World Strategic

Environment). Though extremely poor on a per capita basis,

the country is large enough to have a GNP that can support a substantial

military program, and possibly in the future a much more extensive mili-
tary program than a simple last resort capability usable only in response
to an overwhelming conventional attack and with little hope of surviving

nuclear attack. It might even go for a blue water navy.

16. Nuclear versus conventidnal

The Indian conventional forces have been considerably strengthened.
The military in the mid-sixties plainly regarded nuclear weapons as a
rival to such conventional expansion and therefore did not support it.
But as such conflicts frequently are resolved, the military got their

conventional expansion and the Foreign Office and the Atomic Energy

3-9
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Department got their nuclear explosives, with consequent -increasing
military.support for the nuclear program. An expanded military nuclear

program might in the future get wide general support.

'17. Non alignment and guarantees joint and individual

The Indiahs continued to maintain a non-alignéd stance in the mid-
sixties long after the conflict with China and regional antagonisms had
transfdrmed the meaning of non—alignment. Nonetheless it made them
‘reluctant to try to get an unequivocal unilateral guaranteé from the
U.S., which might appear to line them up with.the U.S. They actively

sought a joint guarantee. from the Soviet Union and the United States,

even though soﬁe high officials'recognized that suych.guarantees among
potential adversaries are worth considerably less than alliance guarantees.
In the end the Non-Proliferation Treaty was followed by an extremely

weak statement of guarantee by the weapon states that they would take

"appropriate action" according to the decision of the Security Council.
When this was passed in the Security Council, India as well as France
abstained, though it was the end point of a sequence of actions seeking

a guarantee in which India had played a leading role.

3-10
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THE BACKGROUND*

The Indian nuclear progfam has a iong hisﬁ&ry; aﬁd.ité direction
was partly determined by the Bfitish training of India'é séientists.
Two scientists in particularAstand out in tﬁis.histofy: MEghﬁad Saha
and Homi Bhabha. Saha, the elder of the two was born'of a poor family
in East Bengal, and went through many triais and difficulties to reéeive
his education in India. It was only later as an established physicisp

that he was able to visit the laboratories and universities of England

~and Germany. Bhabha, on the other hand, came from an afistocfégic family

in Bombay, éﬁd enjoyed all the advantages of music, art and é fine library
in his home, and went to Cambridge University in England for his educa-
tion. Yet in spite of these differences and some professional rivalry,
the two shared the same dedication to the advancement of science in their
country, and to the solution of its pressing economic problems;**

India achieved her independence on August 15, 1947. During the
last few years of struggle, Saha had given much thought to India's econ-
omic problems. Writing in February 1945 he deplored the fact that "Indian

leaders have so far paid attention only to-the question of political

* I am indebted to Jacob Scherr for making available his collection of
State Department and ERDA materiglg}obtained through the Freedom of .
Information Act. . (,AM‘CL "%"*"ft w E04 &5 l,.f'.,ef/)

#% The best accourt of this early development can be found in Robert S,
Anderson, Building Scientific Institutions in India: Saha and Bhabha,

Occasional Paper Number 11, (Montreal: Centre for Developing-Area
Studies, McGill University, 1975) :
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freedom. . . but the problem of living for millions ofVIndians cannot

be postponed."* Saha focused on electrical energy as the major means

for advancing the standar& of living. His goal was to see that "India's
per cagiga income should be progressively increased to modern figures
compatible with her resources; and as a necessary first step, India's
energy-index should be progressively ipcreased to the figures attained

in all modern counéries."** He set a goal of 100 units per head within

the next ten.years, as against the current production of nine units,
pointing out that this was only slightly larger than the production of
energy in the United Kingdom just prior to World War II. Saha was think-
ing of India's resources in coal and water to produce electrical energy.
But the ideal of wide-ranging and large-scale electrification of India
became for many scientists and government advisors the panacea for India's .
econom&c ills. For Bhabha this vision of the future assumed a nuclear form,?ggjﬁc

K;fter news of the Manhattan Project had reached h1m. .- It appeared' that nuclear '

<

mt
was close at hand.

i
energy could be harpessed in civilian power reactors and that India's salvatifg/

-

It is worth pausing here to make some observations about this strong

. focus on electrical energy as the lever for lifting India into the modern

world, or at least for raising its per capita income to the level in the
"advanced states. That focus presumes a causal relationship between energy
and income which has played a role not only in India'’s nuclear planning,

but in the market studies that continue to be made by the IAEA

* Meghnad Saha, "Science in Social and Internatiomal Planning, with
Special Reference to India," Nature, Volume 155, Number 3930, (February 24,
1945), p. 224,

%% Tbid., p. 222.
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for other developing countries.* The causal assumption proceeds from

the fact that per capita GNP in various countries is highly.correl;ted
with the per capita use of electricity. Saha, Wiiting in 1945, cites
statistics to show this, and in general it is true'tﬁat the rich use -
more electricity. But what does this signify? The rich uée more motor
cars, more food, more yaachts, more leisure and many otbar goods and
services. Yet ﬁe would not ordinarily assume that they are rich because
they use more of these things, but rather the other Qay around: They

use more of these things beéause they are rich. In fact, statisticians
and econometricians make no end of warning us about such pseudo correla-
tions and have devised several methods of varying degrees of sophistication
to sort out the signigicant from the apparent relatibns.** Indeed,
sgveral excellent economists have made the point in connection with the
Indian program. Nonetheless this focus on energy as the key strategic
variable in economic development seems to come rgther naturally to
physicists. Energy is, of course, a most fundamental quantity in physics,

and it is natural for physicists to think that it should play the same

* See, for example, IAEA, Nuclear Power Planning Study for Pakistan (Vienmna:
IAEA, 1975).

**One standard method is to see whether differences in income are positively

related to differences in the price of energy. Both Edward S. Mason

‘and Philip Sporn in the 1950s showed that there was little or no depen-
dence of differences in per capita income on differences in the price

of energy, that for example, some of the poorest countries that used
energy least also had it available at extremely low prices, as in the
Middle Eastern oil countries. The same observation could be made about
differences within the United States and about historical time series.
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role in economics. Just as economists in the seventeenth and eighteenth
centuries generated theories of value in which land was the fundamental
unit of value and later developed a labor theory of value, physicists and
engineers have a leaning toward BTU or Erg theories of value. ~Iﬁ fact
the technocrats of the 1930s were quite expiicit abﬁut the importance

of substitutiqg ergs for dollars as the unit of account. And currently
there has been a kind of revival of this technocratic view in the form
of "Net Energy Assessment" which in effect treats ;nergy as the only
scarce resource.*

Bhabha had himself absorbed the idea of Bringing electricity to
India's villages from his British mentor, Sir John Cockcroft, and especial-
ly from the Nobel physicist, P.M.S. Blackett, a close friend, who
professed to be a marxist. Blackett in turn seems to have derived it
from Saha,*%*so Bhabha may have received it in Bombay out of Calcutta
by way of London. In any case, his connection with the British physicists
was very close and they had a very sympathetic view of the importance of
improving the position of science in India as well as of advancing the
economic development of India herself.

During the second World War, Bhabha had been impressed, while in

charge of a special cosmic ray research unit at the Indian Institute of

M/;“V'(f‘ /G/% - E "I
* On these points, see Menograph-% of this report and also H. G. Simmons,
"Systems Dynamics and Technocracy" in 1.S.D. Cole, C. Freeman, M. Jahoda,
K.L.R. Pavitt, editors: Thinking About the Future, Chatto and Windus for
Sussex University Press, London, 1974, and Henry Elsner, The Technocrats,
Syracuse University Press, Syracuse, 1967,

**Political and Military Consequences of Atomic Energy (London: Turnstile
Press, 1948), p.90. Blackett cites Saha while commenting on the “well-
known correlation between per capita income and per capita energy consump-—
tion". “The supposedly crucial role of electricity is also found in the

old Leé?&t slogan (1920) "Communism is theSoviets plus electricity."
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Science at Bangalore, with the poor funding and consequent shortcoudngs'
of Indian science. The equipment and facilities were inadequate and
could not attract scientists; the administrative and teaching burdens
left little time for research; and the salaries were such as to turn most
able university men towards commercial or administrative careers. He
therefore suggested to the/?ﬁggzzzhrOpist, J.D.R. Tata, that an institute
for fundamental research in physics be founded with the funds of the

Sir Dorab Tata Trust. The Tata Institute of Fundamental Research, often
referred to simply as the Tata Institute, was founded in June, 19215 at
Bangalore. It later moved to Bombay and in 1949 moved again to a
beautiful and spacious site near the Bombay Harbour. Bhabha became

the first director, and from fhe beginning he had in mind the develop-
ment of abundant and economic nuclear power. In a sentence frequently
qgoted from his letter to J.D.R. Tata of March, 1944, ﬁe foresaw

"nuclear energy...successfully applied for power producﬁion, in say,

a couple of decades from now...."* As his successor at the Tata Institute
wrote in a memorial piece after Bhabha's death, "I would like you to re-
member that'this wag written by one sitting in Bangalore in 1944; this
letter was written more than a year before Hiroshima; the work om the
atom bomb was beipg carried out with the greatest secrecy in the West;

the only knowledge Homi Bhabha had was that nuclear fission had been

discovered."** Bhabha's prediction in 1944 seemed almost magical to

* M.G.K. Menon, "Homi Jehangir Bhabha,'" Proceedings of the Royal Insti-
tution of Great Britain, Volume 41, Part IV. Number 191 (1967),

quoting a letter of March 21, 1944 from Dr. Bhabha to the Sir Dorbji
Tata Trust, p. 426.

**Ibid.
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later commentators, and the building of science, especially in the
nuclear field and itg application to electrical energy, became the
'magic formula for changing this poor country into a tich one, enabling

it to move in one leap abreast of the major industrial powers. ("Magic"
may not be the right woxrd. In October of 1944, Saha énd several other
Indian scientists had toured British, Americén aﬁd Canadiaﬁ laboratories.
In the United States, they visited Caltech, Harva;d, Chicago, Princeton,
the Carnegie Institution, Pittsburgh, MIT, and the TVA. | It was only late
in the trip that an American scientist warned them that "enquiries about

'nuclear power' were forbidden."* While Bhabha did.not go on this trip, it

seems likely that he heard the results. The tour illustrates India’s

early nuclear interest as well as the favored position of Indian science

in the U.S. and the U.X.)

Saha probably formed his vision of thé Indian future in a period when
he was unaware of the possibility of substituting nuclear for fossil fuels.
Bhahba saw that future very early as a nuclear one. His views, expressed so
clearly at the moment when the movement forIndian independence was about to
achieve its goal, form an obvious contri;E with Mahatma Gandhi's vision of
independence and the future 6f India. For Gandhi, it is familiar, the appar-
ent backwardness of India was a virtue and a token of India's superiority to
Western civilisation. "It wag not that we did not know how to invent macﬁ-
inery, but our forefathers knew that, if we set our hearts after such things,
we would become slaves and lose our moral fibre. They therefore, after due
deliberation, decided that we should do only what we could do with our hands

and feet."#: The spinningwheel and the small village using cow dung as fuel

*Anderson, op.cit., p.45.

**Quoted p.58 of Elie Kedourie, Nationalism in Asia and Africa, The New
American Library, Inc., New York, 1970.
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symbolized the kind of self-sufficiemcy that Mahatma Gandhi had in mind.
Even to study European medicine, he felt, was "to deepen our slavery."*
Nothing would seem to conttast more starkly with Gandhi's pastoral
idyll than Bhabha's cosmopolitan view of the need to seizerthe most advanced
Western science to propel India into the modern world, to launch it in one
explosive effort from the village use of cow dung to the large scale ex-
ploitation of nuclear electric power and to attain self-sufficiency ultim-
ately through the use of Indian monazite sands and the development of
thorium breeder reactors. Nonetheless, for all the obvious and wvalid
contrasts, there are some points in common. Bhabha did.have as his goal
natiopal self-sufficiency and it would be a mistake to take at face value
the notion that he was expressing, in contrast to the Mahatma, an unsenti-

mental and soberly calculated, empirical and rational view of the future.

On the contrary his view on close examination had a good deal of the romantic

visionary. His was a technocratic as distinct from a pastoral idyll.

Bhabha and Nehru shared the same hopes for India, and Nehru, who
fancied himself a natural scientist from his Cambridge days, gave full
support to Bhabha's attempts to implement them. Bhabha became chair-

man of India's Atomic Energy Commission, founded in 1948 by the

Atomic Energy Act. Under his dynamic leadership, a Department of
Atomic Energy was created in 1954 as part of the Ministry of Natural
Resources and Scientific'Research. By 1955, 200 scientists were at
work and Tromba& had been selected as the site for assembly of India's
first research reactor, APSARA, named after one of the celestial water
nymphs of Indian mythology. Trombay became the site of the Atomic

Energy Establishment (DAE) as well as the Bhabha Atomic Research

‘* Quoted p.58, Ibid.
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Center (BARC). The cluster of buildings and fine gardens, as well

. as the works of art in the corridors and offices are justly famous, and

attest to Bhabha's careful attention to even marginalldéﬁails of his'ambiti~
ous program. At his death in 1§66, at the age of 55, he occupied the
posts of Direétor and Professor of Theoretical Physics at the Tata
Institute, Director of the Atomic Energy Establishment at Trombay,
Secretary to the Government of India in the Department of Atomic
Energy, ex-officio Chairman of the Atomic Energy Commission of India,
and Chairman of the Scientific Advisory Committee to the Cabinet.

He began in 1945 with a budget of Rs 80,000 for the Tata Institute;

20 years later, he was managing a budget for the DAE of Rs 115 million,
of which the Institute received Rs 15 million.* The Institute's

health was closely related to the growth of the DAE. Its group of
scientists in electronics under A.S. Rao and in nuclear physics under
R. Ramanna (now well known for his association with tﬁe first Indian
nuclear explosion) later moved to Trombay. The Institute's scientists
also built the control system for APSARA.

From the beginning, Prime Minister Nehru stressed self-sufficiency
as one of the.prime goalé of India's nucleér energy program. His désire
for self-sufficiency was related to his sensitivitf about Indian
sovereignty, a feeling which he shared with all of India's elite, for

India was only recently sovereign, and was extremely ambitious to lead

*Anderson, op. cit., p. 82. Prior to devaluation on June 8, 1966, the
rate of exchange was $§1 = 5 rupees. A rough adjustment for inflation,
(using the'consumer price index for urban non-manual employee¥) would
yield Rs 135,000 in 1966 Rs for Rs 80,000 in 1945. The Government of
India, Fconomice Survey, 1974-75, Néw Delhi, 1976, p. 93.
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the poor countries of the world. The desire for leadership.in'nuciear.

' energy was only one aspect of the more general ambition; it was reflected

in the Indian rejection of an eafly American proposai for a régiohai re~
actor training center elsewhere in Asia,* and inlits'acceptance from
Canada of the CIRUS reactor--to be located in Trombay. (This gift from
Canada under the Colombo Plan meant accepting the uSe.of Canadiaﬁ engi~
neeré, even though Nehru and Bhabha were in principle opposed to turnkey
operations. However, getting the first large—scalé—-ho megawatt thermal--
researcﬁ reactor in Asia apparently was worth accepting some dependence

on Canada.) The desire to be first in Asia in nuclear energy and the

need at all points to assert Ipdian sovereignty are illustrated in ﬁany
other ways--for example, in India's extreme resistance to safeguards

on special nuclear material, in the desire to -build all parts of the

“nuclear fuel cycle and to make all nuclear facilities truly Indian, both

in éersonnel and materials. Hence the early interest in thorium breeders,
since India was especially rich in monazite sands, from which thorium——

a fertile nuclear material--can be extracted. Fuel fabrication faciiities
were aﬁéng India's first étomic installatioﬁs, ahd_b& August 1962 India.
was manufacturing fuel rods for the CIRUS reactor, and in early 1963

began production of heavy water at its combined heavy water and fertilizer

‘plant in Nangal. As early as 1958 a chemical reprocessing'piant was

. decided upon and after several years of work on design, construction

began in April 1961.

*New Delhi Embassy notes of March 27, 1956, p. 3, commenting on Embassy
New Delhi Dispatch 697, December 29, 1955. ERDA files. Manila was the
site tentatively selected. Nehru characterized the U.S. proposal as
"paternalistic." :
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This reprocessing plant was to separate plutonium from the spent L

uranium fuel of the CIRUS. As Nehru explained to tﬁe Lok‘Sabﬁg, "Plutonium
is of great importance, as it is not.availablé as a commercial‘commpdity.
Its production is essential in order to enaﬁle the cOuntfy to set up
breedér power stations using thorium which ﬁe have in ample measure.''*

It is intefesting and characteristic of Nehru that he should have
talked to the Parliament of a decision to separate plutonium for use in a
breeder without any indication of when breeders would be available to
consume the plutonium for the initial loads. The breeder was of course
many decades away, but at this time the Government of India had not yet

even contracted for a converter power reactor--one that produces fewer

fissile atoms than it burns in generating electricity~-where it might have -

been possible to recycle some of the plutonium. But apparently no one

at this time in the Lok Sabha, the Canadian Atomic Energy Commission, or

the U.S. AEC raised any questions about the‘timing of.a breeder for India,
or in particular about the costs and likely uses of.a plutonium separation
plant with a capacity of 100 MTU of spent fuel per year, scheduled to
operate long before plutonium could be used as a reactor fuel,

The concept of the breeder which generates more fuel than it con-
sumes while making electric power, and is in this sense self-sustaining,
seems to combine the two ideals of independence and wealth through

electric power. Bhabhavhad been fascinated by this idea from the first,

and argued persuasively for it in 1955 at ‘the first Atoms for Peace

conference. He did not think of the breeder as an option, but as a

*Speech of August 10, 1960, quoted in R. Rama Rao, "India's Nuclear
Progress--A Balance Sheet," India Quarterly (October-December, 1964)
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éategorical imperative.

. . . it is absolutely necessary to build atomic power plants . . .
which will breed new fissile materials at least equal in quantity
to the amount burnt. In terms of our present technical know-
ledge this requires the availability of enriched or pure nuclear
fuel, which has either to be extracted from natural uranium in a
gaseous diffusion plant, or generated from natural uranium or
thorium in power reactors designed to operate on natural uranium
and to produce this.conversion. Since it is the intention in
India to avoid the construction of a gaseous diffusion plaunt, it
is clearly necessary to set up in the initial stages atomic

power stations which operate on natural uranium and effect the
maximun ¢onversion of fertile to fissile material. This pure or
enriched material could subsequently be used in breeder power
stations, thus enabling our entire reserves of uranium and
thorium to be utilised for power production. On this basis

the reserves of uranium and thorium indicated are equivalent

to 600 thousand million tons of coal, which is more than 15

times the known reserves of coal. Atomic energy therefore sub-

\\\\ stantially relieves the situation mentioned.*

Bhabha's interest in reprocessing and in the breeder was noted by
our New Delhi Embassy inrl956, but seems to have aroused no furthgr
American comment at the time.*¥Surprisingly in these American 1956 reports
nio trace remains of the concern about nuclear explosive material that had
preoccupied government officials and scientists in 1946 and 1947. The

political and military implications of stockpiling plutonium were to be

a subject for the seventies, not for the fifties, nor even very much

for the sixties.

* "The Role of Atomic Power in India and Its Immediate Possibilities,”
Proceedings of the International Conference on the Peaceful Uses of
Atomic Energy, Volume I (August 1955) .. (New York: United Nations, 1956),

p. 107
6

*%New Delhi Embassy Note, March 27, 1951. Comment on New Delhi dispatch
901, February 17, 1956, p. 1. "Very interested in 'breeding' and 'our
next attempt should be to develop a material in which thorium is used
as a source for breeding and power generation.'" ERDA open files.
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_ In pursuit of nuclear independence and leadership, Nehru also
sought to diuersify his ‘sources of supply. He negotiated with the U.x.,
France, ‘Belgium, Canada and the United States for equipment and material
and made every effort to develop and control local Indian resources,

The Atomic Energy Act had given the. Government of India general control
over nuclear materials. As early as 1952 Nehru extended that control
to prevent.export of any material connected with the manufacture of

an atomic explosive,* and in 1953 required a government license for
anyone to acquire or deal in such materials as radium,Azircouium;
deuterium, pitchblende, columbite, smaarskite, uraniferous ailanite,
monazite, ilmemite, zirconm, rutile, beryl, and uranium-bearing tailings
left atter copper or gold mining. His motive here~waS‘to.have in hand
the raw materials with which to bargain for nuclear assistance. The

U.S. in particular was concerned over the need for thorium.#*%

Both Bhabha and Nehru also put great emphasis on the trainiug of
Indian nuclear scientiets and engineers. The Tata Institute itself'had
been designed partly to insure a supply of local scientists so tﬁat
India, as Bhabha put it, would not have to "look abroad for its experts,"
but would find them "ready at hand.'*** For Bhabha believed that "trained
sc1entific and technical personnel are the most precious asset inm any

atomic enmergy program."**** Trained scientific and technical personnel

T TOVI P

Source: http://www.albertwohlstetter.com

* Michel A.G. Michaud, "India as a Nuclear Power," paper for National
Security Studies Program, University of California at Los Angeles,
June 1963,pp. 23 f£f. This paper clearly reflects India's early
ambitions and hopes for nuclear energy, and its ab111ty to put her
in the ranks of the great powers.

%% Memo prepared in the Office of the Under Secretary of State (Lovett},
“Qutline of Indian Atomic Enerey Situation, Sent. 17, 104%"
Foreign Relations of the United States, General; The United Nations X
1948, Vol. 1, Part 2, USGPO 1976, ppﬁ; 758-780.

*%% Letter to J.D.R. Tata, op. cit.

****TAEA/CS/OR/28 Conference on the Statute of the International Atomic
Energy Agency. U.N. Headquarters, October 15, 1956, verbatim. _
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ere ef course a brecious asset not only imn aniatomic ehergj bregreﬁ,
but also in a program of economic development to increase per capita
gross national product in a poor country. And so are skilled labor and
managerial and entrepreneurial personnel. Butrthere is a serious'prob—
lem here hidden in talk of science and technology'in general, and in a
particular focus on the production of nucleer energy‘rether than the
improvement of technology on a broader front.

" The atomic energy program involved the trainiﬁgrof physieists and
nuclear engiﬁeers in a very high technology that wasbeuite specialized
in ;es immediate application. Because of the spectacular achievement
of this specialized knowledge in the development of military nuclear
explosives, it was all too easy to treat the program symbolically, ae
a matter of acquiring a ﬁadge‘or medal of technical advance. It was
also eesy to aseume that the apﬁlication of nuclear energy in the generation
of electrical power would have equally decisive and impressive results,
and those very quickly, and to believe that this particular high technology
was the best way to increase GNP rapidly and catch up with the advanced
industrial countries. Bhabha in fact took eucleer energy as a method
of leaping over centuries of backwardness in a grand iilustration of what

the marxists call “"combined development." Unfortunately, it was not all

Source: http://www.albertwohlstetter.com

QAR . - .
that eX83r; indeed it was implausible that this particular techmology
could be the ideal vehicle for such an ambitious trajectory or even for

less ambitious and more realizable goals.
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- First of all,.energy itself while of sﬁbstaﬁtial\imp&rténce,-is
not a magic key to quick econémic developmént. ESeéond, nuclear electric
power was n9£ likely to offef early dramatic improvemenﬁs in the compe—~
titive production of emergy, especially inra poor caﬁital;shért éouﬁ%}yu
Third, a good-many'other technologies wefe more. accessible and in faet
were pursued successfully by other poor countries then and in the.ensuing years,
for example, advances in ﬁechnologies directly applicable to agricul-
ture, textile manufacture, or electronics.  The latter, for example,
is a high technology in which a number of poor éountries have distin-
guished themselves. In short, this symbolic emphasis on nuclear
energy involved a very questionable allocation.of effort in the develop-
ment of scarce human capital.

The fact that overemphasis on'training in’nuclear technology tended
to starve ecientific and technical efforts elsewhere in India is
witnessed by Sir John Cockcroft, Homi Bhabha's friend and‘ment0t and
one of the chief sponsors of nuclear energy development in India. In
his tribute to Bhabha on the occasion of ﬁhabha's death in an air
accident in 1966, he remarked that "the great concentration of scien—
tific and technical effort in the laboratories of Atomic Energy, the
C.S.I.R. /Council of Scientific and Industrial Research/ and Defence
Sciences took pldce at a time when there was a serious deterjoratiom
of science in the Indian universities, some of which -are lamentably.'

lacking in resources compared with the Tata Institute in Tfombay."*

* “"Homi Jehangir Bhabha, 1909-1966," Proceedings of the Royal Imnstitution
of Great Britain, Volume 41, Part IV. Number 191, 1967, p. 421.
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whatevei the effectiveness of training iﬁ nuciear enéfgf,for the
overall economic development of India, there'is'nb'doubt that it re-"
sulted in a distinct improvement in thg Indian caﬁability to under~
take successfully the original application of nucléaf eﬁergy, naﬁely
that of designing and assembling nuclear explosives. |

The United States enthusiastically endﬁréed the Indi;n‘ﬁuclear
program and the goal of nuclear 1ndependenée for India: 'In.
particﬁlar, on Bhabha's policy of training indigenous séieﬁtists, AEC
facilities welcomed Indian scientists béginning in 1955. According to
the record, 1104 Indian scientists had participated in AEC atomic re-

 search by 1974, by far the largest number from a less developed country.*

The number for India was in fact the highest of 84 countries, other
than the United Kingdom, which it almost tied. (See Table I) The.
Atoms in Action program provided'training in the use of research re-
actors, in nuclear medicine and in "industrial applications of nuclear
science" by USAEC visits ?ﬂon*Soviet bloc countries--35 in all between
1959 and 1969.%* The Argonne National Laboratory opéned its doors to
scientiéts from these same codntries in 1955. Ité.catalogue of courses
explained that it would "present the available science and technology
involved in (1) the production of reactor materials, (2) the design,

construction, and operation of research or materials testing reactors,

* Dixy Lee Ray, "Multinational Nuclear Power--Peaceful Uses or International
Terror?" Pan Am Clipper Magazine, (October 1974), reprinted in Hearing
before the Joint Committee on Atomic Energy om S. 1439, Export Reorgan-
ization Act of 1976, U.S. Congress, June 22, 1976 (Washington, D.C.: U.S.
Government Printing Office, 1976), p. 463.

**%Ibid.

. 3-25



[lwww.albertwohlstetter.com

. http

Source

TaBLE 1 -

Participation ofon-Sorict blor aliensin AEC rcsvarch during

period 1955 to date

Japan ...

*In ntomic energy Inw, this term celers to

Afghanistan 3 Jordan - 1
Argentina 192 Kenya - ——— 2
dustralia 164 Korea ... 195
Austria 170 Kuwait . 2
Belginm 176 Lebanon - 31
Boliria 14 Libya 3
Brazil 133 “Liechtenstein .. ______ —oo—— 2
_Burnn 14 Luxembourg .___.____________ 6
Camercon 1 Malaysia ——— 16
Canada 539 Mexico 104
Ceylon ——— 12 Monaco 2
Chlle ., ' 70 Morocco 2
China .. 713 Netherlands ...___.._____ o218
Colombla. 86 l\':l:‘way 101
g0 8 Pakistan .. 120
Casta Rlea 11 g&nﬂma 14
Cuba - 28 Paraguvay 1
Cyprus 10 Perv 41
Denmaik 98 Phllippines 118
Dominican Republic. . _____ 33 Portuzal - 26
Ecuador : : 13 Sandl Arabia 3
El Salvador. 12 Benegal - 1
Ethlopla _ 7 Blerra Lcone - . 1
Finland —— 41 Singapore -— . 3
France a— 471 Bouth Afclca.. .. ________ ~— 88
Germany . 833  Spain - —— 139
Ghana 10 8weden ... _____________ 180
Greece " - 39  Switzerland 220
Guatemala 16 Tanrania 3
Guyana 5 Thailaod ..._________________ 70
Haiti 11 Trintdad ..._ e
Hondurag 1 Tonlsla o ___________ 3
Hong Kong. 59 Turkey 108
Teeland 9 Uganda -— : 1
Indla . P ——— .. 1,104- United Kingdom._______.______ 1,186
Indonesia - 34+ Uruguay ——- 22
Iran 13 Venezuela ... ____._____.____ 50
Iraq 24 Vietnam 23
Ireland ... 32 Yugnsliavia - 108
Jsrael - 250 Zamabla .. _____ 3
Italy 603 United Arab Republlc._..____. 103

Jamaiea 8
803 Total ._._. 10. 513

pliutontum-229, weanlum.232. or urantum

conralninz more than the natural ahundance (0.7 peecent) of uranfum U-233, or any
muterial areiiclally enrictied ku any of these substance:

source: Dixy Lee Ray, op. cit., p. 463.
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(3) the equipment and procedures for carrying out research and develop-
ment in the field of nuclear energy with the aid of research reactors,
(4) the handling and processing of irradiated materials praduced in .
reseafch or materials testing reactors, (5) the utilization of the
radioactive products of reactors, an& (6) the priuciples of design,
construction,‘and operation of nuclear power plants and their associ-
ated fuel fabrication and chemicai processing facilities.'* -

Again, a certain absent-mindedness is present in ﬁhis Ame?icau
curriculum for foreigners. Training in chemical processing of irradi-
ated materials seems to be taken as a matter of course, and finally jn
the sixties it is included as-a chapter in a public textbook designed

for beginners, with the headings, ''Separations Chemistry," "Precipitation

Methods," "Ion BExchange,” "Solvent Extraction,"

and "Nonaqueous Methods."#**
In that chdpter and in the laboratory exercises that went with it, students
were taught not only the elements of how to separate plutonium from

spent fuel, but they were also instructed that such separation and recycling
are essential for the economics of nuclear electric power. The textbook
said, ". . . consider the fuel which.is removed from a reactar. It stiil

contains an appreciable amount of fissionable material. New fissionable

species, such as plutonium-239, may also be present. For economic oper-

ations of reactors, these must be recovered."*** Such an economic judgment

% "Schedule and Curriculum, School of Nuclear Science and Engineering,
Argonne National Laboratory, Lemont, Illinois, U.S.A., June 1, 1955."
Reprinted in the Atoms for Peace Manual, p. 408.

*% Alvin Glassner, Introduction to Nuclear Science (Princeton: D. Van
Nostrand Company, Inc., 1961), p. viii.

*%%Ibid., p. 144, Italics added.
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is cousiderably less well established than the principles of chemistry
that would guide the process of separation, but this is not apparent
from the simple declarative statement in the text. This sort of state-
ment makes it easier to understand how the Indians, Canadians, and Americans
who cooperated in the development of an Indian nuclear program viewed

the role of chemical separation in such programs. Some questionable
economics and uneritical politics were unconsciously'transferred‘by

the technicians along with instruction in engineering.

The crucial year in this history is 1955, the year when the Argonne
Laboratory opened its School of Nuclear Science and Engineering. It is
the year of the Bandung conférence where Nehru tried to form and lead
a third power bloc of the poor nations. It is the year which sawran
extensive declassification of nuclear technology in the United States,
in line with President Eisenhower's Atoms for Peace program. The new

rules made thousands of papers and reports eligible for public circula-
tion, including critical and detailed information on reprocessing~—

in particular, the.PUREX method. The first United Nations Conference
on the Peaceful Uses of Atomic Energy was held in Geneva in July and
August of that year and there a large number of these declassified
papers first saw the light. Nehru through skillful pressure and mani-
pulation had seen to it that Bhabha as representative of a "neutral®

country was made president of that conference. 1955 is also the year
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in which construction began on APSARA, the first Indian résearchrygac- )
tor, and';he first réactdt in Asia £o go criticai a year latef.:.A

1 MWt reactor of the "swimming pool" type, moderated by ordinary ﬁaﬁet
and fuelled with enriched uranium, its stated purpbse %as‘to érqduée

radioactive isotopes for medicine and industry. 1t was built in a

‘year's time by Indian engineers with the encouragement of the British,

Sir John Cockeroft had arranged for England to supply the fuel ele-
ments, and he also had been helpful in staffihg the chemical division
at Trombay im its early years.

And, finally, 1955 is the year in which nuclear cooperation under
the Atoms for Peace program réally got underway. By July 1955, the
U.S. AEC had negotiated agreements, either initialed or signed, with 27

nations.

Early that year a Raw Materials Subcommittee of the Joint éommittee
on Atomic Energy visited a number of countries "to explore at first hand
how bilateral agreements for cooperation, made possible under the pro-
visions of the new Atomic Enefgy Act of 1954, might be achieved rapidly."*
Its report illustrates the atmosphere at the time, the great hopes for
what atomic power can do for underdeveloped countries, and the need
for the United States to act quickly to prove its "good will" and

"good intentions."¥*

* "Report of the Raw Materials Subcommittee on its Visit to Australia,”
February 9, 1955. Joint Committee on Atomic Energy Print, (Washington,
D.C.: U.S. Government Printing Office, 1955), p. l.

*%Ibid., p. 3.
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The Committee visited New Zealand, the Commonwealth of Australia,

‘the State of South Australia, the Philippines, Formosa, Thailand, India,

Pakistan, Iran, Turkey, Greece and Spain. It was particularly impressed

with what it saw in India. After meeting with Dr. Saha and his staff

. at the University of Calcutta, and with members of the Indian Atomic

Energy Commission in New Delhi, it concluded that "the Indian atomic

effort is an important one not only to India but to the advancement of
science."* It elaborated in some detail on the Indian effort, gnd

offers an early mention of the transfer of U.S. heavy water to India, which
was later to be used in producing the plutonium for the first Indian
nuclear explosion.

An outstanding example of the assistance which the United
States can render at little or no cost was encountered in
India. There the Government has plans for the construction
of a large research reactor [the CIRUS/ Whiéh will use heavy
water as a moderator. The Indian Government is already beginning
construction of a heavy water production plant which it has
every reason to expect will be able to furnish the quantity
necessary by the time this first large research reactor is
ready to start operating. What the Indians need is an
assurance from the United States that, in the unlikely
event that their own heavy water production plant falls
behind schedule, they can rely on a loan of heavy water from
the United States to get their reactor in operation promptly.
In the first place, the Indian production schedule appeared
to us to be realistic; in the second place, even if the
United States should have to loan this material to India,
it would certainly be for a reasonable time. The total
cost of our assurance to India would be no more than the
theoretical interest on the heavy water inventory which
might be tied up for a few months in their reactor. Such
an assurance from us would constitute the kind of genuine
cooperation from the United States that is needed to prove
our good intentions.**

* Ibid., p. 10.

**Ibid., p. 3. Italics added.
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The "unlikely-event" occurred. The Indians, as it'devéloped, nee&ed to
borrow heavy water not just for a "few months” and not just‘for CIRﬂs;
but for all'of their reactors that used heavy water as a modergtor or

a coolant: for Zeflina, for CIRUS, and in very large Quéntitiés for

RAPP T, their first natural uranium power reactor built on the CANﬁU
design. In fact, since their entire program has stressed nathral uranium
reactors as a means of avoiding dependence on imports of enriched uranium
from overseas, a large supply of heavy water has been critical for them.
Their own program to produce heavy water has run into gahy difficulties
and as a result they have simply reduced their dependence on low enriched
uranium by acquiring a dependency on heavy water. The remainder of theiﬁ
program involves very large quantities of heavy water for RAPP II and for

the Madras reactors, and as of 1974, the Economic and Political Weekly

of Bombay reported, "In addition to uranium resources, the availability

of heavy water has become an immediate constraint on India's huélear power
programme. Our nuclear power programme for the seventies and early
eighties»is based on heavy water moderated and cooled natural uranium

fueled reactors.™* The article goes on to outline the situation quite.

clearly.

When the present reactor technology was chosen in the early
sixties, planning was initiated for the heavy water plants
at various locations. A plant at Nangal has been operating
for quite some time and produces about 11 tonnes of heavy
water a year. This plant is, however, expected to close
down completely by 1975. The Bhabha Atomic Research Centre

#"Heavy Water Constraint," The Economic and Political Weekly, Volume IX,
Number 37, (September 14, 1974), p. 1555.

3-31



has developed the technology of producing heavy water through
the hydrogen sulphide-water exchange process. The Kota :
heavy water plant, based on the BARC technology, was started
in 1969 and the original estimate of construction time was
four years. However, five years later, the plant is still
only half complete and the commissioning date has now been
gshifted to 1977. Several technical problems have cropped

. up in upgrading the laboratory level technology to the com-
mercial scale, causing cost escalation and postponement of
the completion date. It is even feared that the plant may
never come up finally."

The Nangal plant is still in operation. But the hope that the Indians
after initial help fromVitro International would get their own heavy water

plant design and comstruct it themselves was also disappointed.

Probably anticipating the Kota plant's failure all
subsequent heavy water plants have been planned almost
on a turnkey basis, with substantial foreign technical
collaboration. A plant is being put up at Baroda with
French collaboration, another at Tuticorin with Japanese
‘collaboration and a third at Talcher with West German
collaboration. All these plants are based on the ammonia-
hydrogen exchange process and the BARC technology and R
and D have been all but forgotten. The Indian participation
in these plants is restricted to civil engineering, electrical
works, construction of employees' colonies, etc.®

And even these turnkey jobs done by foreigners have not beea going

p://www.albertwohlistetter.com

well. None of these plants is yet in operation. The Baroda plant,

'started jn 1969 was scheduled to be ready in 1973, then in 1975, mew in

1977, &»‘f? Deceifon, 1977, JWWM"‘?’ dnegt & %N/

AN

#it ,7a,ek,,ZZ%a Aate oo »szz7rudk?ﬁvt 3.

The original cost estimates have been exceeded. The Tuticorin
and Talcher plants are also behind schedule and are experien-
cing sharp cost overruns. The investment in these plants, it
is currently estimated, will be of the order of Rs 100 crores.
All of them taken together are expected to produce 280 tonmes
of heavy water a year (around 1978). No other heavy water
plant is planned for commissioning till 1984 %%

Source: htt

* Ibid.

**Tbid.
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The power plants at Rajastham, Hadras; and Natora will ollfneod heavy water
whén they come into operation by ohe eérly 1980!3. 'Hbreo#er, each of these
plants will require about 460 tons of heavy water for their initial charges
and will require 36 tons annually to replenish operating losses because
these plants use heavy water as a coolant'as well'os a moderator.

Compared to this enormous demand fof heavy water, tﬁe small facility
at Nangal is modest indeed. Either foreign heavy waoer.or.foreigo aid in
building heavy water plants is critical. The United Statesrhas provided
the lion's share oo far of the heavy water: 15 tons for Zerlina, 21 tonmns

for CIRUS, 130 tons for RAPP I--more than half of what was needed for

RAPP I. (Each power plant consists of two reactors, but RAPP II has been

delayed by the Canadian decision to refuse further help after the Indian
explosion. Each reactor requires an initial load of 230 tons.). As we
shall see, the role of heavy water became cruc1a1 in the U.S. decision
on an appropriate policy of response to the Indian explosion. In some
respects the justification for U.S. action.offered in 1976 seemed to
presume that the optimistic evaluation of the Congfessional team in
1955—-thot the Indians needed our heavy water only for. a shert while--
was literally true. The Nangal heavy water plant in retrospect and
in prospect has served to give the false impression that the Indians
never really needed our help in that area. %

Besides these early hopes for Indian nuclear technology, the Sob-
committee's report of 1955 also reflects the fears at thisjtime of
Soviet coﬁpetition in the nuclear field,'though apparently.at this date

no Soviet offers had been made to India. On the contrary, it mentiomns

*India's RAPP II is currently delayed for a lack of heavy water, since
the Soviet Union is insisting on multlple—p01nts safeguards. Nucleonics
Week, March 24, 1977, p.8
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"well-founded testimony on the complete unwillingness of the Soviet

Union to bring‘any real benefits and conttibute any real scientific

" and engineering knowledge to the end that the people of India may enjoy
. the benefits of atomic’energy."* The hope that nuclear power might
. provide a useful counter to communist penétration of uncommitted nations

- provided an added incentive to American efforts to export nuclear re-

search and power as an instrument in the cold war compatition-eiiher
baldly as a gift to win allegiance, or;—on the assumption that poverty
drives nations to communism--as a means to raise the economic level.

President Eisenhower in rather visi;nary fashion had stressed the
practicality of nuclear power in his speech of December 8, 1953, before
the General Assémbly aof the ﬁnited Nations. "Peaceful power from atomic
energy is no.dream of the future. -That capability, already proved,
is here--now--today." From this confidgnt assertion,'the~represéntatives
of = less developed nations and many American officials and-industrialists
leaped to the conclusion that the economic benefits, to say nothing of the
profits, would be immediate and large, particularly in providing cheap
and plentiful electric power. .

The President’s speech had come, long after the first fine enthu-
siasm of the postwar era had faded, at a time of reappraisal and pessimism
within the U.S. AEC, particularly during the years 1947-1952, Unfortunately,
the speech had been prepared in the Executive Office with the aid of

publicists and ﬁithout the advice of the technically informed members

*Ibid., p. 10
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and'staff of the Atomic Energy Commission. It is conceivable that—if-the
Commission had been consulted, it might have moderated the tone and the
predicﬁions. However, political rhetoric often has ité own feaéons,
and close adherence fo thé literal truth need not be the pfa#ailing
motive. It must be granted also that preéiden;ial optimism has a way of
overcoming grubby obstacles, inspiring effort aﬁ& creating new truths.
Subsequently, some government officials'tried to introduce a note
of caution, but were drowned out in the growing chorus of acclamation.
One of these more cautious officials was Ambassador Morehead Patterson, then
U.S. Representative for Intermnational Atomic Energy Agency Negotiationms.
At the opening of the School of Nuclear Science‘and Engineering at the
Argonne Laboratory in March of 1955, he welcomed a group of scientists
from 20 countries that had come for training there and warned that, )
"Evety'pfomise has three dimensions, one of which is time. "When® is
a most important word. -We will bring only disappointment and disillu-
sion if people are persuaded that this is an easy and quick assigoment: . . .
'The Sahara Desert just cannot be made to bloom next year.
The Sib?rian Rivers will not flow south the year after that.
The North Pole need have no fear that man will be able through the
atom to melt the icebergs of the Arctic Circle in 1958.

Before we can run, we must learn to walk.'"*

Source: http://www.albertwohlstetter.com

*"Man's Benefits from the Atom," Atoms for Peace Manual, presented by

Senator Alexander Wiley, June 21, 1955, (Washington, D.C.: U.S. Govern—
ment Printing Office, 1955), p. 355.
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A few weeks later Ambassador Patterson went into more detail for
the:benefitrof a businessman's audience. He made the following points,
which apparently few of them took to heart.

The development. of economically competitive atomic power is
not necegsarily. a panacea for all the world's ills nor will
it revolutionize the world's economy. In underdeveloped
areas the availability of atomic power will not ease the
basic problem of finding capital for economic development.
Atomic power plants will not make obsolete modern efficient
hydroelectric and steam electric plants. The principal causes
for high foreign power cost to the consumer are the transpor-
tation of fuel, old inefficient plants, small units which are
less efficient and economical than large plants, low rates of
use with resultant high unit cost of power, high cost of in-
vestment capital, and power distributing systems. As opposed
to a new conventional plant, an atomic plant would have a
superior effect upon only the cost of transportation and
production of fuel.

In technologically advanced countries these facts are recog-
nized. In some less advanced countries, however, there is
a tendency to view United States proposals for international
sharing of benefits of atomic power as a cure-all for basic
economic troubles. We do not want to hold out false hopes.
 But while atomic power is not a panacea, it is a tremendously
worthwhile objective and will make a great contribution in
the future to world prosperity.*

It was only the last sentence that carried weight. By that date, some
Atomic Energy Commissioners and staff may have begun to believe the
rhetoric, or at any rate were now saying iﬁ thehselves, and so was the
industry. Ambassador Patterson, on the other hand, represented the

majority view of the State Department, which was consistently stressing

Source: http://www.albertwohlstetter.com

*"International Cooperation to Harness the Atom for Peace--Where We Stand,"

speech to the Atomic Industrial Forum, San Francisco, California, April &,
1955, in Atoms for Peace Manual, p. 360. i :
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'.greater‘caution; walking first with atomic research activities and run-

ning later with nuclear power. That position is succincély_stéted in
an~ébét;act of the Department;s "Report on Nuqlear Power ?q;entigl in
India" of May 17, 1955.%* 7 |

The report is an answer to Dr. Bhébhé's statémént:in 1953 that
"atomic energy offers the 'only chance' of raisiné<the staﬁda:d of living
in India's and Pakistan's combined‘populétions'of 450,000;000;" In the
long run, the report said, technological progiess ﬁdghtrcoqéeivably
cut the capital costé of nuclear power plants to-tﬁg 1evel of conven-
tional plants, and might cut the nﬁclear fuel chargg considerably. But
even if this were to happen, it would at most save about 5 mills per
kilowatt hour or a little moré than a fourth of power generation costs

in the higher cost coal areas in Imndia. Such saﬁings,would hérdly be

crucial in raising the standard of living of the 450 million people

living in the subcontinent. They would not eliminate the major obsta—

cles t6 India's growth. Moreover, the report stressed that the current
those of

capital costs of nuclear plants were much higher than /conventional

thermal plants and that given the low rate of capacity use in India.

- this would outweigh any possible savings in fuel. 1t regarded as very

unlikely that India would be able to build nuclear power plants as cheap-
ly as the United States, but even if it could, and even if India got

fissionable materials at negligible cost, the nuclear plants would have

*Reproduced in Addendum E
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to achieve very high load factors to compete with conventional blants.

Savings in any case would be limited to large power stations.of

over 100 megawatts, and smaller nuclear plants would have much higher
generating costs. But India had little opportunity to use large plants.

And finally, improvements in India's transportation system would enable

- 1t to exploit the large low-cost ligmite deposits south of Madras, and

that might lower relative coal costs in the next few years. All in all,
the tenor of the report was sceptical. It placed sharp limits on the
potential contribution of nuclear energy to India's massive problems of
development, and the detailed comments raised major questions about how
to compare nuclear and conventional electric power iﬁ a less developed
country.

Resistance to the general euphoria and the slow pace of the State
Department brought complaints and reprimands from the AECAon the in-
consistency between U.S. domestic and foreign policies on the peaceful
atom. The Department was accused of lagging behind aﬂd abdicating to
private industry the responsibility for backing foreign reactor develop-
ment and construction. It was not until 1962 that the Smyth Committee
prepared for the State Department a poliéy statement which recommended
giving firm support to the TAEA. (Smyth in 1953 had been one of the
doubters.) Philip Mullenbach, looking back in 1962, summed it up:

.+ .therewere exaggerated and misleading implications in

the President's statement that nuclear power had been

demongtrated technically (in the Nautilus and experimental

units) and that this capability could be converted rapidly

to economic use to meet the needs of "power-starved" areas.
There are...no areas in the world that can be so described.*

*Philip Mullenbach, Civilian Nuclear Power:

Economic Issues and Policz
Formation (New York: The Twentieth Century Fund, 1963), p. 16.
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- In India there werxe.very few doubters in the -fifties. Bhabha's

dominance of atomic matters made if.difficult fof diséentnto be volced,*

and it was easy to be infected by Bhabha's own,personal.enthusiasm.‘
What could anyone say to this distinguished scientist who in 1944~had
predicted atomic electric power through fission, ;nd-who in 1955 with
the same euphoria pfedicted that "a method will be found for libefating
fusion energy in a controlled manner within the next two decades? When
that happens, the energy problems of the world will truly have been
solved forever for the fuel will be as plentiful as the heavy hydrogen

in the ocean,"** -

Before Bhabha's rapt descriptions of the new world coming through

atomic energy and Nehru's passionate advocacy, any attempts to recommend
g8y P y

delay or to put forward more economic proposa;s or to suggest develop—.
ing other technologies or sciences, such as‘biology or even bio-physics,
sounded very dull and backward. Proposals of this sort had been made

to both Bhabha and Nehru. Even at the first International Conference

on the Peaceful Uses of Atomic Energy, some of the papers,

notably that of the economist Edward S. Mason of Harvard University, had

viewed the potential contribution of nuclear energy to economic develop-

ment in the Third World with greater scepticism, and had in fact presented

* Anderson reports that "the financial member of the Indian AEC from
1962-66 (a person whose basic degree was in physics) said that Bhabha
set the priorities, and he could check only cost-feasibilities." Dis-

cussion with S. Jagannatham, December, 1970. See also p. 69 of Anderson,

op. cit.

**Proceedings of the First International Conference on the Peaceful Uses

of Atomic Energy, Geneva, August, 1955. Op. cit. Volume 16, Record of
the Sessions_. p- 35.
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a good deal of empirical data to evidence that even if nuclear electric
power were to be cheap in.the less developed countries, it would not be

a key to rapid industrial progress and increasing per capita income.

Indeed, a sobering discussion of the pseudo~correlation between per

capita energy consumption aﬁd per capita GNP appears in Mason's contri-
bution to that conference.
The second international conferernice had perhaps more cautionaxy papers

on this subject, and in fact it featured an address by Francis Perrin, a
member of the French Academy of Sciences and High Commissioner, Commis-
sariat de 1'Energie Atomique, who presided over the conference. While
acknowledging .that atomic energy "appeared to many under-equipped coun-
tries as a sort of royal road to prosperity,”" Perrin had this warning:

~ In’ fact, in the near future atomic energy can play an impor-~
tant part in only a fairly restricted range of countries,
which does not include those countries which are most lack-
ing in industries and have the greatest need to raise their
living standards. The countries which can take early advan-
tage of atomic energy are those, already highly industrial-
ized, which have insufficient traditional power resources
to enable them to pursue their development; a development
which, given the standards already attained, requires a
considerable increase in the absolute level of electric

AP power production. This is particularly the case sooner or
LA later, for nearly all Western European countries.

* e o ¢ . - * o ® & & 9 ° s ¢ ¢ * e ¢ o o .

Under-equipped countries, whether with or without traditional
power resources, cannot, it would seem, profit from the
opportunities offered by atomic energy until they have gone
through a preliminary stage of industrialization in the old
way. If such a country has traditional power resources it
would do better to try to make use of them, as the diffi-
culties it must overcome (lack of capital, shortage of tech-
nicians) are even more marked in the case of atomic energy.
And if an under-equipped country has no coal or oil deposits
Or water power that could be used economically, it would do
better in most cases to import fuel (which would inevitably
be expensive if it came from a long distance) and use it in
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traditional power plants, also imported, rather tham import .
small atomic installations which are particularly expensive,
and which would also require foreign technicians to a much
greater extent. This will be the case so long as the degree
of industrialization does not allow the utilization of large
plants of several scores of megawatts, perhaps of even as .
much as a hundred. This conclusion remains valid even in
the case of a country with uranium deposits, for atomic fuel
costs relatively little in itself, and costs almost nothing
to transport: furthermore, small atomic plants operate

with enriched uranium which must necessarily have been pre-
pared in a highly industrialized country.*

Perrin's estimate in 1958 that the minimum size for power reactors to

. be economic in most circumstances might be as:much as 100 MWe understated

the matter. His point is much reinforced by later experience. Teoday

reactor manufacturers hardly bother to make reactors smaller than 500

or 600 MWe in capacity, and'they are busy trying to sell 1,000 or 1,200 MWe

plants to less developed countries (for example to Iran, the Philippines,
etc.). Perrin's statement that the less developed countries would in any

case be dependent on the advanced countries for enriched uranium was not

exactly .correct. They could, like Argentina, limit themselves to natural
uranium reactors for generating power; or like India, they could con-
centrate most of their program on natural uranium reactors. Howeqﬁz?g)
this qualification of Perrin's statement is not an essential one, si;Ze
in fact the difference involves simply a changé in the form of depen-
dence. The natural uranium reactors have meant a dependence on imports

of heavy water or of heavy water technology, or both. Moreover, the

*

Proceedings of the Second United Nations International Conference
on Peaceful Uses of Atomic Energy, Geneva, September 1958, Volume I,
pp. 40-41, Opening Remarks. Geneva, United Nations, 1958.
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choice of heavy‘water reactors using natural u;anium intensifies another
problem that Perrin pointed out, namely the fact that less developed
countries are capital short and nuclear energy is capital intensive.
Capital costs of heavy water natural uranium reactors are higher than
those of the light water slightly enriched uranium reactors.

The last two points in Perrin's speech should have hit home in India:
the inevitable dependence on foreign technicians and fo;eign supplies of
enriched uranium in developing atomic power installations, and the low
cost of importing atomic fuel by comparison with the cost of mining and
transporting it within India. WNehru, as we have seen, was immensely
proud of India's local resources (especially of monazite sands, from
whicﬁ thorium could be extracted) apd jealous of their protection.

Along with Saha and Bhabha he was also devotedvtp the ideal of develop-
ing Indian scientists and engineers. At the time of this gpeech in 1958,
however, negotiations were underway with Canada for two CANDU power re-
actors at Rajasthan (RAPP I and II), which would involve considerable

Canadian technical help.

Perrin, one of the pioneers of nuclear energy, offers quite a

contrast with Bhabha. Bhabha, however, did not budge in his own be-

liefs about the central role of energy in economic development, nor in

3-42



Source: http://www.albertwohlstetter.com

his belief that nuclear energy was well adapted to the Third World and
particularly to the circumstances of India. One of his 1958 papers not
only repeated the point about GNP and per capita éuergy consumption
being correlated, but used a table from the Mason paper which presented
data on per capita GNP and per capita energy consﬁmption; leaving out
only Mason's analysis showing that the correlation didn't mean what it
might seem to mean. In his lecture ét the 2nd Confefeﬁ;;:m;;m;;éognized
that some considerations did suggest that nuclear energy is in general
more likely to benefit the advanced industrial countries,'that, for
example, the high capital cost of nuclear electric power was a problem
for less developed countries where by definition capital is always
scarce in relation to opportunities for its use, and where the demand
for electric power is in general less likeiy to be concentrated enough
to permit the large economies of scale and high load factors that are
important in the nuclear generation of power. Bhabha nonetheless
claimed that such factors would be overwhelmed in the case of India

by other considerations, and he set forth a new comparison of the costs
of nuclear and fossil fuel power in Bombay: Bombay is far away from
coal fields; it has a comparatively large demand for electricity and
Bhabha's figures in 1958 purported to show a range of possible costs
for nuclear energy which at least at the low end élmost exactly equalled

the costs of conventional energy.

Bhabha's figures, however, were subjected in that same year to a
very close and sophisticated scrutiny by I.M.D, Little, the British

economist who had done outstanding work not only in basic welfare
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economic theory, but had been specializing in the economics of develop-.

‘ment and was the author of a study of the potential role of nuclear

energy in the economic development of Italy. Little was not very im-

‘pressed by the fact that the low end of Bhabha's rdnge of atomic energy

costs almost exactly coincided with the costs of conventional energy.
He remarked that the same had been true of the British White Paper's
cost comparisons in February, 1955, and that when the conditions
assumed in those costs turned out to be in error, subsequent British
estimates had simply changed the cost components and arrived at the
same equality with the costs of conventional energy. "All this is
rather a coincidence," he said, "and suggests a bias on the part of
the estimators who may feel bo;nd to get their estimates for nuclear
energy dowm to the level of conventional “energy."*"

Little proposed therefore to examine the basis for Bhabha's
figures. The capital costs, he found, were based on the assumption,
among other things, that in spite of the considerable cost of transport-
ing the reactor components and assemblies to India, the cost of the
finished 150MWe station would be no more than that of such a station
in England. Low Indian civil engineering costs, it was assumed, would
offset the higher transport costs of the imported reactor.

On the other hand, these supposed offsetting savings in Indian
civil engineering did not seem to apply in the case of the conventional

power station. The costs of the latter were approximated by averaging

— ,

"Atomic Bombay? A Comment on 'The Need for Atomic Energy in the
Underdeveloped Countries,'" The Economic Weekly, Bombay, India, November
29, 1958, p. 1483.
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the costs of six existing conventional stations in India‘which, however,
were not comparable. Some were very far from pdrt,jadding-to the costs,
and they were small in size (averaging not much over 30 MWe) which also
increased the costs, and this procedure tended to overestimate the cost
of a 150 MWe conventional station. "I would think it very probable,”
Little commented, "that if a nuclear station can ée built in Bombay
for the same cost as in England, then a conventional coal fired station
could be built in Bombay for the same cost as in England."*

In fact, the notion that the civil engineering costs to assemble
and construct a reactor would be smaller in less developed countries
in general, and in India in particular, than in advanced industrial
countries is a durable myth wﬂich played a considerable role in the
later evolution of the Indian program and its evaluation by the U.S.
Atomic Energy Commission,.and it persists in fhe estimates of costs
of LDC markets developed in the International Atomic Energy Agency (IAEA).
As we shall see, the U.S. AEC in discussing the economics of an American
light water reactor in Bombay assumed this sort of cost saving, despite
the fact that the Indian construction nf the CIKUS reactor had already
shown that it cost more to construct that NRX type of reactor in India
than it had in Canada. 1Indian engineering labor is cheaper, but much
less skilled, and the requirements for putting together nuclear in-

stallations are very exacting. And these phenomena, of course apply

*__
Ibid.
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to other countries than India.* In short, Little's acute commentary
on this point could be made stronger on'thé,basis of subsequent actual
expefience.

Little's second point concerned Bhabha's assumption that the
nuclear reactor would have an 80% load factor for. 20 years. "This
seems to have become a conventional assumption,”" he said, "but I have
never seen it justified, and it raises difficult problems."** Little
doubted whether an atomic station would be operated for 80% of the
year for 20 years, and even if it were, one could not compare it
directly with conventional power stations which operate quite differ-
ently—at very high load factors to begin with and then, as more
efficient units come in to take the base load, at lesser load faétors
and over a long life time. Bhabha';’comparison was biased in favor of
nuclear stations. On the basis of such considerations alone, Little sug-
éested that a comparison at a 65% load factor would be fairer and might
even be close to the end of the range which favored atomic energy.
Here, too, actual experience would only fortify Little's criticism.

As of February, 1974 the actual capacity factors for the Indian reac-

tors had been about 457, %%

- .

Richard W. Barber Associates. LDC Nuclear Power Prospects, 1975-
1990: Commercial, Economic and Security Implications. ERDA Report 52,
uc-2, 1975, 1I-15, footnote.

*%
Little, op.cit., p. 1483.
*k%k '
Albert Wohlstetter, "Shall we Let India Separate Spent Fuel from
the Tarapur Reactors?'", February 24, 1976, See Addendum G. Footnote,
page 1-169.
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This point about the capacity factor is of great importance in
eséimating the compara;ive kilowatt hour costs of nuclear and fossil
fuel plants in countries such as India. Since nuclear plants are more
capital intensive, distributing these high capital charges over a
smaller number of kilowatt hours than anticipated'is likely to have
a decisive effect. The irregular operation, the long periods out of
operation; or in operation at less than full power, greatly intensify the
problems of high capital costs which Little emphasized in his first
point. 1India here was regarded as something of a test case. It waé
heralded as the most sophisticated of the less industrialized coun-
tries and the best able to haqdle the maintenance of a complex nuclear
plant. The AEC files contain reports from General Electric, Kaiser and other
observers that India was better able to handle such plants than any country
outside of the United States. The experience in operation, however,
does not bear out these high'hdpes, and inefficient use of a high cost
plant can be critical for the actual comparative performance of nuclear
and fossil fuel plants in the less developed world.

Little's third point also concerns the capital charges. Bhabha
used annual capital charges of 9%% of the total capital cost, assuming
interest rates of 4%% and depreciation of 5%. But, as Little pointed
out, the‘function of the rate of interest in this connection should be
to "reflect the true scarcity value of the long-term capital in the
economy,” and the 4%% interest rate was much too low to do that.
Capital was obviously scarcer than in the U.K. Little suggested that

for India "a 157 gross on capital is the absolute minimum needed for
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depreciation, plus an economic net return. I think one could reagsonably

‘argue 202-25% in a country like India. " (15% 1is Probably about the

average rate earned in industry in the U.K.)"x

Gross capital charges of 15-25% would have implied a rate of in-
terest of 10Z to 20% that better reflects the realities of the scarcity

of capital in India and the many opportunities that existed for using
such capital.

The choice of interest rate critically affects such comparisons

as that Between @ nuclear and a coal-fired Plant. Nuclear plants have

larger capital costs-and due to the wonders of compound interest,

artificially low interest rates can easily blur the effects of such

differences. The analysis of Tarapuf done_later for the AID agency

by Burns and Roe took a range of interest rates, the highest of which
was the lowest considered reasonable by Ian Little.
Burns and Roe high and the Ian Little low)

(the/ the fossil fuel plants were superior,

At ten percent

Moreover the impressive

report of the Energy Survey of India Committee, done in 1965, only

confirmed the wisdom of Little on this matter.

The achievement of the solution will depend, secondly, on
the right choice between more and less capital-intensive
methods of producing the energy itself, or in this case,
the capital equipment. We are convinced that in Indian
conditions, where the facilities for complex capital pro-
jects are limited, excessive use of such facilities

should be discouraged by a sufficiently high rate of
interest. At the same time we think it is desirable, for
reasons we shall discuss more fully in a later chapter
dealing with the problems of pricing, that State Boards
should aim to finance a considerable part of their invest-
ment out of their retained earnings and depreciation funds.

*
Ibid., p. 1485.
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We, therefore, recommend that, in the planning of pfdjects,
" a rate of return of 10Z should be made the basis of all
-caleulations.* '

Among the stellar members and advisors of this commiﬁtee of notables
from the United Stateé, Great Britain, Belgium, France and India was
Dr. Bhabha.

Little concluded his perceptive analysis with a point of great
importance, on the dangers of premature commitment, especially in a
country that must husband its resources for 1nvestmént in the future.
It is a point of quite general application today, when in advanced
as well as less developed countries there is a temndency to take a
highly foreshortened view of the prospects of some quite uncertain
technologies. He believed that the balance of cost would gradually
swing more 'in favor of atomic energy.

But that it might be good to have atomic energy in 20
years, or even in 10 years, is little reason to buy
uneconomical plants from the U.K. or U.S.A. now. The

U.K. may even itself have started too soon on too large

a scale. And conditions in the U.K.--both economic and
strategic—-are immensely more favourable to atomic energy.
The longer India waits, the more free benefits she will
get from the immense investment which has been poured

into nuclear physics and engineering in the U.S.A. and
U.K. To put any of her own capital resources into buy-
ing the early products of this western research would seem
to be a great waste of the very limited savings of the
Indian people. As Dr. Bhaha says, electricity is in short
supply in India. It is likely to go on being in short
supply if one uses twice as much capital as is needed to
get more., **

Source: http://www.albertwohlstetter.com

*
Government of India, Report of the Energy Survey of India Committee,
Government of India Press, New Delhi, 1965. p. 129.

**Little, op. cit., p. 1485
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Some warning signals then about the immediate benefits of atomic
energy had been sounded, and they were sounded again somewhat later,
in Jan@ary,of 1961, at a symposium in Bombay following the openiqé
of the CIRUS reactor. Both British and French scientists on
this occasion again urged caution in expectatiops'about the role

of civilian nuclear energy. Professor Perrin returned to his theme

of 1958. He stressed the recent improvements in France in the

area of conventional power: the use of 2 new major source in

.natural gas piped under the Mediterranean from the Sahara. The rele-

vance for India lay in the reserves of natural gas in Sui and Mari,
across the Rajasthan border in Pakistan. In a similar vein, Sir Roger
Makins, Chairman of the United Kingdom Atomic Energy Authority, dwelt
on the "stretch-out” in England's n;clear power program following an
overly pessimistic forecast in 1955 of conventional power potential
and the initiation of an optimistic accelerated nuclear power reactor
program. Conventional power costs had actually dropped, while long-
term interest and development costs on the reactors rose. However, Sir
Roger was optimistic about the nuclear future, and argued that the
justificatidn for building power reactors in a scientifically advanced
country should not lie in economic considerations over the short or
medium term. Each country should build its own reactor--given the
vast areas of the unknown in nuclear power--and thereby through its
own experience and knowledge determine what would be an economic pro-
gram of nuclear power generation. A scientifically equipped nation

could profit by its own mistakes. Sir John Cockcroft, a member of
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of the U.K. Atomic Energy Authofity and U.K,. repreéentative on the
U.N. Scientific Advisory Committee spoke after Sir Roger thihs, warmly
endorsing this point of view.

But on the Indian view, coal, hydroelectricity, oil, and natural
gas continued to have feW'attractions compared to nuclear energy.
According to the report of the American consul in Bombay, Nehru at the
opening ceremony on January 16 attacked those of "limited vision and
restricted thinking" who questioned the economics of a reactor program
for India at this stage of her economic development.“* "Referring to
India's ‘'epic struggle to revolutionize the life in her 550,000 villages'
he asserted, 'we do not want tomorrow to slip out 6f our hands by
getting.entangled with the problems of toda&.'". The'press reported
his speech as "one of the most scathing" and "one of the fightingest"
in his career.** In this area, at any rate, Nehru preferred to deal

with the future rather than the present.

*Report of the ceremonies by Sidney Sober to the Department of
State, January 24, 1961, "Atomic Energy: Symposium on Nuclear Power,
Bombay," Typescript. See Addendum C, p. 1-133.

**Ibid.
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THE CtRUS, THE PHOENIX, AND THE ARGUMENT OVER SAFEGUARDS

‘The ceremonies connected with the dedicationof the(ﬁRﬂS are parti-
cularly 1nteresting today, since ‘the CIRUS has gained international
notoriety as the source of plutonium for the first Indian nuclear explosion
in uay of 1974. Besides the CIRUS which was a very large (40 megawatt)
thermal research reactor, severnl other facilities were inaugurated:
Zerlina, a "zero energy" small natural uranium-fueled research reactor,

a uranium metal plant, a fuel elemont fabrication facility to produce
natural uranium fuel for the Zerlina and the CIRUS, and a heavy water
reprocessing plant to reconcentrate downgraded heavy water for re-use in
the Zerlina and the CIRUS. Some 48 foreign officials attended the events.
The U.S. delegation‘consisted of Commissioner Robert E. Wilson; Dr. I.I.
Rabi, the U.S. representative to the U.N. Scientific Advisory Committee;
Dr. John A. Hall, Assistant General Manager for International Activities
of the AEC; and Dr. Robert .A. Charpie, Assistant Laboratory Director for
Reactors of the Oak Ridge National Laboratory. Canada, France, Great
Britain, and Brazil were represented and from the Soviet bloc: the USSR,
the People's Republic of China, Hungary and Czechslovakia. At this time
APSARA, India's first research reactor which had been shut down in August
1960 for repairs and improvements was also restarted. Details of its

construction and the scientists associated with it are given in Addenda

A and B.
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The State Department Report of the ceremonies and its catalogue

of existing facilities in India are reproduced in detail aé.Addenda

C and D. The extent of the brogram is indeed impfessive. As the re-

port mentions, "India by this date had the beginnings of a comprehensive
nuclear research and power program, including faéilities for surveying

and exploratory drilling for the uranium- and thoriuﬁ-bearing ores
available in the country; for mining and extracting; for producing

and reprocessing fuel elements and also heavy watef; for engaging in
effective nuclear research and for making radioactive isotobes for

other research.” The heavy water referred to here was not simply the small

reconcentration plant at Trombay, but the heavy water production facility

at Nangal in Punjab, scheduled to go into operation at the end of 1961,

\},:/V/,»\and actually functioning in 1963. Its annual production rate, it was hoped,

[\ 0
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i
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would be 15-20 tons of heavy water, though the original goal had been 5 or 6
tons. This plant continues to be referred to as "purely Indian"--with
understandable national pride and with some effect on the controversy
about the Indian nuclear explosive. Nonetheless an American firm,
Vitro'International, was retained as consultants and architect—enéineers
for its comstruction, and Linde of West Germay was responsible for supply,
erection and commissionin g.ﬁ‘ |
Also of critical interest today is the used-fuel reprocessing plant,
known as Project Phoenix, described initially as '"a small pilot plant for
the recovery of plutonium from irradiated fuel elements" from the CIRUS
reactor. In fact the Phoenix was rather large. Its capacity (100 MTU per
year) exceeded the original advertisement. It was here that the plutonium

for the Indian bomb was extracted. Bhabha had decided to construct this

plant in 1958, and as we have mentioned earlier, construction began in

= i? Yo,
‘.‘3".\'{(\ R \/% \‘{Jv)‘
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Aprii, 1561. Bhaﬁha'é motives in sgtting‘up thié plant have been the
_subjegt‘of some cbntroversy; even among Indianiscienﬁiéts, In.a.memo;ial~
piece after his death, his sucéessor}as director of the'Tata_Institute,
Professor M.G.K. Menon, tried to put this ™in the right historical peispec-
tive." He quotes from a speech of Dr. Bhabha of January 20, 1957, on the

occasion of the inauwguration of the Atomic Energy Establishment at Trombay:

There is another very important consideration which should
be mentioned. It is likely that the future more advanced
and efficient types of atomic power stations will use
concentrated atomic fuel, such as uranium 235, uranium
233, or plutonium, rather than the naturally occurring
uranium. If we'are not to depend on the import of such
fuel from abroad, and not to build a gaseous diffusion
plant, involving an enormous expenditure and technical
effort, it is necessary for us to start producing this
fuel now by converting natural uranium into plutonium, and
thorium into uranium 233 in atomic reactors. . If we are,
therefore, not to lose further-ground in the modern world,
it is necessary for us to set up some atomic power sta-
tions within the coming five years, which will produce

plutonium for our future power reactors, in addition to
producing electricity now.* -

Dr. Bhabha's explanation suggests a rather hazy view of the connection

Like Nehru, he wants to
between the present "now'" and the future. /  start separating plutonium
"now" when it will not be needed until much later, even though, as in
all less developed countries, capital for investment is extremely short,

and premature investment simply wastes it. Again in his opening address

at the inauguration of the CIRUS, Bhabha remarked:

Work is in hand on the construction of a small plant at
the northern end of this site for the reprocessing of

the used fuel elements, the separation of radiocactive
fission products, and the extraction of the valuable
plutonium or uranium 233 contained in them....Since India

* M.G.K. Menon, op.cit., p.434.Italics added.
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has the world's largest deposits of thorium in very high
grade ore, it is essential that we should find a means

of using the thorium for power production. This can only
“be done if we have at our disposal a concentrated fission-
able material like plutonium which is naturally generated
in the uranium fuel elements used in atomic reactors.

The only other way of obtaining such concentrated fuel,
namely by the extraction of uranium 235 from natural
uranium, is extremely expensive both in capital and in
running costs and consumes large amounts of electricity.
We have, therefore, decided to follow the more economical

way, of using the plutonium produced in power -stations
fuelled with natural uranium #

"Economical,” perhaps, in some very dubiously restricted'sense—-it was

less uneconomic than investing in an isotope.éeparéﬁion plant, but it was
hardly the result of sober and realistic economic caiculatiqn that could
convincingly show that for India at the time there was a positive present
value in such a highly uﬁcertain and vefy long term investment in a facility

. for producing concentrated fissile material, and then stockpiling it.

Menon's historical perspective stresses once again the need for India

to be ultimately self-sufficient in energy. And that overall objective
is stated clearly at the end of the State Department report of the cere-
monies--though the present tense of the verb makes the time dimension

much less clear.

The programme is, briefly, to set up in stages three

types of power reactors which, in addition to producing
electricity, also produce fuel for other reactors: in

the first stage natural uranium after appropriate puri-
fication is fed as fuel to a reactor; when this uranium
fissions the irradiation converts some of the uranium 238
into plutonium ~ another element which, like uranium 233,
does not exist in nature and can also be used as a fuel.
In the second stage, when sufficient plutonium has been
produced, it is used as a fuel in another type of reactor,

Source: http://www.albertwohlstetter.com

*Ibid.
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and surrounded by thorium; as a result of irradiation,
some of the thorium is converted into uranium 233, In
the third stage, when a sufficient quantity of uranium 233
‘has been produced, it is used as fuel in yet another type
- of power reactor in which thorium is again introduced; the
thorium is again converted into more uranium 233 and in
fact produces more than is actually consumed. This type
of reactor is known as a "breeder" reactor and all that
is required to feed it is additional thorium - of which
- India has a super-abundant supply. :

The three stage plan which Bhabha had had in mind since the mid-
1950s and which is elaborated in this State Department report had a

certain
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plausibility. It was plausible in particular if one considered only some

fundamental concepts of reéctor physics and ignored fhe practical '

economic. details .of how to develop a highly sophisticated and experimental

form of electric power in.a largely unindustrial country with slender

human resources for research and development. India's monazite sands

are rich in thorium, and it was clear in concept ;hat thofium—232 could

be used, as a "fertile" material, to generate-thé fissile uranium-233 din

a slow breeder.* Unfortunately, the commercial operation of an

economic breeder, fast or slow, even today is decades from reality, and

surely was very far beyond the capability of India to plan for in the 19503.
Resaearch and development of the breeder in advanced countries has

concentrated on the liquid meéal fast plutonium breeder. Much less effort

has gone into the slow or fast thorium--uranium-233 breeder. It was hardly likely

that India could develop the thorium breeder on its own, and still less ~(

likely that this hazardous use of its very scarce capital including its

scarce professional human capital, would be prudent. On the other hand, even

if the advanced countries had themselves undertaken a massive long-term

Rand D spending for the thorium breeder comparable to the billions it has

invested in the fast plutonium breeder, it was improbable that India could

*Bhabha's colleagues argued in support of his plan in a technical paper
at the Second International Conference. After 1980, they believed, a
few thousand MWe per year would have to be added annually. Therefore
uranium reserves were inadequate. "It is thus necessary to seek ways of
meeting future power demands using thorium alone." Since thorium is not
fissile, U-233 reactors would be required, and "these reactors will have
to be breeders" to meet the growing electrical demand. M Dayal, S.R,
Paranjpe, N.B. Prasad, and B. Singh, "Study of Fuel Cycles with Reference
to a Power Programme," Proceedings of the Second International Conference,

op. cit., P/1642, p. 184.
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have made more than a marginal contribution to that development?
And would it have been wise for India to start atteﬁpting
a sizeable contribution that early? The matter is important because

such R and D programs are likely to carry a countfy rather far toward

the acquisitibn of bomb material. Their economic_aspéét.ﬁééasaﬁarticularly
skeptical scrutiny therefore, and the economics of research and develop-
ment are in general extremely difficulf to analyze, precisely because
of the enormous uncertainties as to both costs and benefits. On the
other hand, that in itself says a good deal about the inappropriaten;;;
of such gambles for countries that are extremely short of capital.

The final stage of the Indian program, which called for the operation
of breeder reactors, was a most questionable goal. Even the
earlier stages of the Indian plan wére highly questionable from the
standpoint of practical power economics. The first stage mentiomed in
the State Department's account of India's plans as of 1961 was the produc-
tion of plutonium in a heavy water natural uranium reactor for use as
fuel in a second stage heavy water moderated converter reactor. This
second stage would apparently generate uranium-233, though possibly with
a regeneration ratio:.of less than unity, that is, it would not generate
as much fissile material (uranium-233) as it would consume (of plutonium).
The tramsition to a thorium-uranium-233 fuel cycle, however, did not require
plutonium. A fissile material could have been planned to be enriched
with uranium-235. The use of enriched uranium cores was in a more advanced
state of development by that ﬁime, and the cost of reprocessing spent
uranium fuel to derive plutonium could only be hazarded. Nonetheless,

Bhabha's plans to avoid the use of enriched uranium were not inconsistent
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with the thinking of the British at the time who also talked of reprocess-—
ing as a potentially cheaper alternative than enriqhed uranium.~ A paper
by British experts for the second Internatiénal Cdnferénce in 1958 sug-
éested reprocessing costs, including conversion to piutonium oxide, of
three pounds per kilogram.* However, this estiﬁate was extremely uncer-
tain and, as we now know, understated the costs by at least one and
possibly two orders of magnitude. But in any case the entire program
involved large uncertainties as to the feasibility and timing of the suc-
cessive stages. For, besides these three stages using three différent
kinds of power reactors, Bhabha's program involved a prior stage using
the research reactor CIRUS to begin generating the plutonium for this
highly uncertain future. That plutonium couid conceivably have been
stored unseparated in the spent fuel, but Bhabha apparently proposed to
start separating plutonium from the CIRUS_fuel long before the first
stage power reactor could be in place; only in the second near-breeder
stage are the power reactors supposed to use plutonium as fuel.

It did not occur to American observers of the Indian program at
that time to note that (1) the Indian program was based on quite tenuous
economics and vague research and development and production plans, and
(2) that it could yield stockpiles of highly concentrated fissile mater-
jal quickly convertible for use in explosives at the very earliest
stages of the program--long before power was likely to be generated——

and that such stocks would be a regular accowpaniment to the generation

*N.L. Franklin, J.M. Hill, C.A. Rennie, and J.C.C. Stewart, "Economics
of Enrichment and the Use of Plutonium and Uranium-233," Proceedings of
the Second International Conference on Peaceful Uses of Atomic Energy,
Vol. XIII, pp. 273-281.
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of power when the program was fully effected. American inattention here
had a good deal to do with the fact that Ameriéa's own nuclear plans
accepted without question that the future of nuclear electric power de~
pended on the conversion of non-fissile but "fertile" atoms (uranium-238,
thorium-232) into fissile atoms (plutonium-239, uranium-233). For example,
this assumption appears in one of the most used atomic energy handbooks,

first published in 1950, Samuel Glasstone's Sourcebook on Atomic Energy..

The long-range future of the nuclear energy industry must

therefore depend on the efficiency of converter reactors

in which plutonium-239 (or uranium-233) is consumed and

is, at the same time, regenerated from uranium-238 (or

thorium-232) .*

Menon's attempt to justify Bhabha's early interest in reprocessing
does not mention the early Américan interest in the breeder nor the early
Anerican belief in the necessity of using plutonium fuel which was in turn
based on the supposition that there was an extremely.limited supply of
uranium available in the world.**But the interests and beliefs of Ame;ican
scientists certainly exerted some influence on Indian decisions. Menon
is trying to protect Bhabha from the accusation that his motive in build-
ing a reprocessing plant in advance of the need for plutonium was to
bring about a military nuclear program for India. He poiﬁts out ﬁhat
both of the statements quoted above from Bhabha were made before the
hostilities between China:and India and before any Chinese nuclear explo--
sion. "The decision concerning the extraction of plutonium was, there-

fore, taken at a very early date and was not linked with the possibility

of its being material suitable for nuclear weapons."**%

*Samuel Glasstone, Sourcebook on Atomic Energy, Third edition, 1967,
Van Nostrand Reinhold Co., New York, p. 573.

*%Saa Mbnographfﬂz, "“"Economics of the Plutonium Fuel Cycle and
U.S; Policy on Reprocessing."”
***Mengn, op.cit., p.434,
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There is other evidence to support Menon's defense of Bhabha. The construc-
tion of the reprocessing plant was never secret, contrary to some newspaper
accounts immediately after India exploded its first. nuclear device. |
Bhabha had discussed its désign in 1958 with U.S. scientists, using
the blueprints for the Purex process released by the U.S. AEC (the
process for deriving plutonium for the first American bombs). An
American firm, Vitro Inte;national, was responsible for variations in
the design of the Indian facility, a transfer of technology which appar—
ently required no license on the part of the American government.
(Ironically, the Indian government then made their particular design
Indian-proprietary, even the parts designed by Vitro,* with no record
of protest from our government.)**Bhabha's successor had arranged with
AID for four Indian sclentists to receive.special training in reprocess-
ing under the AID loan for the Tarapur project. A full description of

the plant occurs in the Proceedings of the Third International Conference

on Peaceful Uses of Atomic Energy, held in Geneva August 31 to September

9, 1964. The two authors, H.N. Sethna (then Chief Chemical Engineer
and now head of India's Atomic Energy boﬁmission) and N, Srinivasan,
made quite clear that the plant was built to handle irradiated fuel
elements from the Canada-Indian Reactor, CIRUS, and proceed to describe

in detail problems connected with these fuel elements. Reports and

*Letter of February 14, 1963 to Mr. Robert Slawson, Division of Inter-
national Affairs, U.S. AEC, from Paul N. Fraser of Vitro International
reporting that Mr. H.N. Sethna, then Chief Chemical Engineer of the
Indian AEC in Trombay, had refused permission to give information on
the "status of the reprocessing facility being counstructed by the
Indian Atomic Energy Department at Trombay, India" to the U.S. AEC.

**The plant is described in September 1973 as "designed and built by
BARC personnel" in"India Atomic Energy Progam', (ERDA files, no author
indicated) and again in Sept. 1975, in what is apparently an annual review.
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analyses in the ERDA files at that time also suggeét that a plan te
separate plutonium for later civilian use as fuel was accepted as quite
"normal".

The conception of "normality" in these areas was lax and tenuously
based on anticipations as to the economic prospect pf various civilian
fuel cycles and a nearly total amnesia about the military dangers.
There was a notable vagueness among the Indians and a remarkable lack
of curiosity among Canadians and Americans about exactly what purpose

would be served and when, by the plutonium separated from the heavy

‘water reactor fuel in CIRUS. ~ CIRUS, as we have said, is a research

reactor using natural uranium and requiring therefore no extra fissile
material by way of enrichment, neither plutonium nor extra uranium-235.
Reprocessing and recycling were not part of any reasonable norm for
its‘fueling. At the time the decision was made to build the

Phoenix plant to reprocéss CIRUS fuel, the Indians had no plans for
using light water moderated power reactors with slightly enriched
uranium. Their ambitious first phase was modelled on the Canadian
program, using only natural uranium reactors, cooled and moderated

by heavy water. Nothing in that norm required the separation of plu-
tonium. And indeed the Canadians themselves do not have a reprocessing
plant. They have planned to dispose of spent uranium waste directly,

without reprocessing.
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Moreover when the Indians did decide to introduce at Tarapur one
twin boiling water reactor installation, (a) this waé scheduled to come
on line years after the Phoenix reprocessing plant was in operation,
(b) it was planned to use fuel slightly enriched in uranium-235, and
(c) the Phoenix plant was not equipped to reprocess such light water
reactor fuel. Nothing in short should hgve suggested that the Phoenix
reprocessing plant was required by any reasonable norm for the Tarapur
light water reactors or the Rajasthan or Madras heavy water reactors.

Ian Little's point about premature investment in nuclear power

applies with even greater force to investing scarce resources in
nuclear material stockpiles that have no projected use until later
generations of nuclear energy comé into being——at.the most optimistic
guess--after several decades.

It is worth spelling this out. The Indians have suggested rather
casually that ;heir nuclear explosive program cost them very little.

Sometimes they say $10 million, sometimes $400,000. If one considers
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seriously the extra cost of.éetting the plutonium'beyond that jusﬁi—
fied by the strict econbmics of what was an optimal inveétment.program
in electric power, it is clear that all such numbers greatly under-
state the real costs to the Indian people of the work that led up to
the 1974 explosion. For the Phoenix plant itself, the costs of its
insﬁallation and operation can hardly be justified on grounds of its

civilian use. The Indians named a very low figure in 1964 for the

~ installation costs--eight million dollars. However even neglecting

inflation since then, the figure is certainly misleading. Government
cost estimates in general, not only in India, are quite unrevealing.
They do not as a rule make clear what is included and what is not, and
in India especially the methods of accounting are not easily checked.*
A good deal of evidence suggests that in spite of the lower wage rates
of labor in the less developed countries, and in India in particular,
the total costs-in-place of such sophisticated installations are sub-
stantially higher there than in industrialized countries such as the
United States, Canada, the UK and France. According to the Barber
Report** they are some 15%Z to 20% higher than in the United States,

and this conforms very well with the actual experience of installing

* For an example of the casval treatment of nuclear costs in India,
see the recent study by 0. Marwah, Conflict System, Security Environment
and Policy Making for Defense, Ph,D. thesis, University of California,
Berkeley, 1976, . _, 2 5 S W A

**Richard J. Baféer Associates, Inc., LDC Nuclear Power Prospects, 1975-
1990, op.cit., pp. II15-16. The TVA indicates that for well established
technologies, as in fertilizer plants, the costs would be 25% more in
the LDCs than in the U.S.- A study of Korean nuclear power costs by
J.H. Cha indicates that nuclear powerplants in place in Korea cost 15-
204 higher than in the U.S.
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the CIRUS reactor in India, where the costs were actually double those
of installing the Canadian NRX (on which the CIRUS was mo&elled) in
Canada. A prudent estimate would take U.S. costs for constructing

a given plant as a.lower bound for the costs of constructing the same
plant in India.

_ The cost for a 100 MTU reprocessing plant t;day in tﬁe United
States is on the order of $75 to $100 million. The Japanese repro-
cessing plant, Tokai Mura, will apparently have a capacity of 100
MIU per year, which was less than expected, and it will have cost about
$200 million, which was a good deal more than expected. These costs
are for facilities capable of reprocessing light water reactor fuel,
which is more difficult than heavy water reactor fuel. But it is clear
that a reasonably inclusive esﬁimate of the real costs of the Phoenix
in today's dollars would be much closer to $IQO million than to eight.
That estimate considers only the cost of the plant itself and says
nothing about the cost of producing the plutoniuﬁ énd of stocking it
and, most important, nothing about the cost of stocking it for decades,
while waiting for a breeder or near-breeder. Since the plutonium
stocks would have no essential civilian utility before the near breeder
arrived, the real costs of stockpiling it should reflect the opportunities
lost for investing these resources elsewhere in the capital-short Indian
economy. Such opportunity costs are measured by the real rate of
interest, and Ian Little suggests that at a minimum in India that

rate was 10% and arguably on the order of 20%. Since an interest
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rate of 10Z implies a doubling time of something over seven years and
one of 20%Z a doubling time of a little less than four years, then the
real costs of investing in the production of plutonium and stockpiling it

for several decades are likely to be a very large multiple of‘the original

. sum invested in the reprocessing plant.

In short, the Indians may have spent initially nearly $100 million
on their plutonium separation facility, but that was only the beginning.

The plant cannot be expected to have any genuine civilian utility in the
nuclear fuel cycle for many decades, and the thorium breedef will probably
not be in commercial operation in India before the end of the ceantury. So
the actual costs are many times greater than these initial costs, when one
consders the opportunities lost.

Of course it might bg argued that scarce though capital is in India,
and high though the return to its use might therefore appear to be, in fact
the Indians would manage these alternatives so badly that they would return
considerably less. However, that is only to say that the usual Indian prac-
tice of investment is as cavalier and casual as the decision on the plutonium
separation plant illustrates. It does not say that there are not opportun-
ities for wiser investment, and if opportunity costs are to reflect the
sacrifices made by unwise decision, it is these opportunity costs that should
be considered.

These reflections on the Indian economic experience ought to give us
pause, when making future arrangements with other developing countries that
request our aid in the field of nuclear technology, and in making estimates
about what aspects of nuclear power will be most beneficial to their economic

development.
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Menon's defense of Bhabha also has important implications for U.S.
policy against froliferation. As we have said, there is no reason to
question his assertion that Bhabha began the funding and completed the
construction of the reprocessing plant with no intention whatsoever of
using it for separating plutonium for a nucléar explosive. 'In fact,
that account is entirely consistent with the gviaence that shows that
Bhabha began to mention nuclear weapons or other nuclear explosives only
after the Chinese defeat of India in the Himalayas in 1962, and that his
interest intensified in 1964 after the Chinese explosion. But this sequence
of events bears on the most interesting considerations affecting policy as
well as on the alﬁays worrisome difference and connection between capabil-
ities and intentions, and the problems of intelligence on the two. For if,
as seems entirely likely, the high Indian officials had no intention of
using the Phoenix separation plant aqd the CIRUS reactor to obtain plutonium
for an explosive, nonetheless their decision tb get the CIRUS meant that
by the early 1960s they would have greatly advanced towards’ the capability
to do so. And this capability, once acquired, in turn made it easier for
the Indians to.alter their intentions after the humiliation of military
defeat by a regional adversary -- an adversary moreover that had achieved
a successful nuclear weapons program.

The relations between capabilities and intentions are subtler than is.
suggested by the usual discussion of them. Frequently we are told that it
is not capabilities, but intentions that count. The dichotomy of course is
misleading. We are interested not simply in present intentioms, but in
future ones as well. And the closer the approach to a nuclear explosive

capability, the less costly and time consuming and visible the rest of the
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path, and the more likely a country i§ to be impelled to go all the way

b& events sqch as a military defeat or the acquisition of nuclear weapons
by an adversary, or the lapse of some military assistance or guétantee by
a frieﬁdly power, or some combination of these. Future intentions ought
to concern us quite as much as present omes. In faét India didfsuffer a
defeat, and it did see the U.S. reduce its militéry asgistance in the mid-
sixties. Even if in 1958 the Indian government had been, as it was not,
as pacifist as Gandhi, policy makers could hardly assume that it wouid
continue ﬁo be in 1965. Policy against proliferation has to comsider not
only the possibility of unpredictable, adverse events that might intervene,
but also the necessity to discourage the growth of capabilities whichwould
make non-weapon states more liable to change their minds about continuing
to be non-weapon states after adverse events have occurred.

A brief look at the negotiations between Caﬁada and India for the
CIRUS and the opening U.S. talks on the Tarapur projecﬁ confirm the impression
that the initial vision of nuclear research and its fruitg} in particular e
the developmeng of nuclear power for electricity, belongs to an age of
irnocence or at least amnesia so far as the dangers of proliferation were
concerned.

Negotiations between Canada and India for the CIRUS reactor began
during 1954. It was to be a modified version of the Canadian NRX reactor
which had been operating at Chalk River since 1947. It required ten tons
of natural uranium fuel, half of which would be fabricated by Canada, and
half by the Fﬁel.Eleméﬁt Fabrication Facility at Trombay, énd was to be
moderated by 21 tons of heavy water froﬁ the United States. Sea water

provided the cooling system. The reactor was designed (1) to establish
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the different characteristics of materials for other reactors under

.actﬁal'oéérating conditions of temperature;'pressure'and radiation field;

(2) to provide for fundamental research in biology, chemistry, metallurgy
and physics, "particularly in experiments on breeding the thorium, which
India has in abundance, into fissile U-233";* (3) to produce radioisotopes;

and (4) to'provide training and experience for DAE personnel.

N

*From the description of the opening ceremony dedicating the CIRUS.
See Addendum C., p.4.
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Financing under the Colombo Plan was based on a first cost esti-
mate of $14 million, of which Canada would supply $7.5 million. Canada
also paid for training visits to Chalk River for a number of Indian
scientists and engineers. As described in 1956,

Canada"s participation in the project consis&s of furnish-

ing the atomic reactor and the steel for the rotunda which

will house it, designing the reactor, its foundations and

the steel rotunda, and supervising the engineering and the

erection of the reactor at Trombay. The government-owned

Atomic Energy of Canada Limited will be responsible for

these activities, and will be assisted by the Shawinigan

Engineering Company Ltd. of Montreal, which will actually

design the reactor and its foundation and rotunda, and will

provide personnel for the engineering .services and for

supervising the erection at Trombay. Parts of the reactor

will be manufactured at different places in Canada as well

‘as in the United States and the United Kingdom.*

This was Canada's first sale of a nuclear reactor to a foreign coun-
try, and the negotiations were conducted in an atmosphere of trust.
Canada had been associated with India in peace-keeping efforts in Korea
and in manning international control commissions in Southeast Asia. It
had also befriended India early in the nuclear field by sending a ton of
crude uranium oxide to Dr. Bhabha in 1947, Bhabha had wanted to get his
scientists started early on mineral experiments, and Canada had complied

with his request after getting British and American approval. All three

countries regarded the shipment as possible insurance of future access

Source: http://www.albertwohlstetter.com

for the West to India's thorium supply.**

*U.S. Embassy Ottawa Dispatch 760 of May 1, 1956 to Department of State,
"Canadian Indian Agreement on Atomic Reactor Project."

**Barrie Morrison and Donald M. Page, "India's Option: The Nuclear Route

to Achieve Goal as World Power," Internatiomal Perspective, July-August,
1974, p. 25,
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The agreement on the CIRUS was drawn up before the existence of

‘the IAEA, and before the United States had settled on its preferred

and India
phraseology for an agreement on cooperation. However, the agreement between Canada

did contain the sentence, "The Government of India will ensure Fhat the
reactor and any products resulting from its use will be employed for
peaceful purposes only." Bhabha insisted that India's word was a suffi-
cient guarantee and refused to consider the question of safeguards
except obliquely in Article XI, which stated,

It is the intention of both Governments that the fuel ele-

ments for the initial fuel charge and for the continuing

requirements of the Reactor will be supplied from Canada

save to the extent that India provides them from sources

within India. Arrangements for the provision of the fuel

elements to India from Canada will be agreed upon by the

two Governments before the Reactor is ready to operate;

if an international agency acceptable to both Governments

has come into being or is in prospect at that time, the

terms of such agreement will be in keeping with the prin-

ciples of that agency.

There were some misgivings, since Nehru had condemned the principle ofv
international inspection or control of nuclear raw materials anﬂ pro-
duction in a speech to Parliament on May 10, 1954. But Canada was
willing to accept the vague promises about peaceful uses only. It was
anxious to conclude a deal that would offset India's acceptance of
Soviet steel-mills, and that would publicize Canada's own contributioms
to the development of nuclear power by the use of heavy water and
natural uranium.

The United States was similarly blithe in its contractual arrange-
ments for the sale of heavy water to India for use in the CIRUS. An
agreement of March 16, 1956, signed by Homi J. Bhabha and Lewis L.
Strauss, provides in Article 9 that “the heavy water sold hereunder
shall be for use only in India by the Government in connection with

research into and the use of atomic energy for peaceful purposes, and

shall be retained by the Government, or by other parties authorized by
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the Government to receive it, and not resold or otherwise distributed.ﬁ*
The U.S. AEC had decided to seli ﬁhe heavy water in February 1955, # '
year earlier. Part of the inférval between decision and actual agree~—.
ment was spent in a join; éffort with ﬁhe Canadians to get the water

and the reactor safeguarded,'but to no avail. Construction on the
reactor proceeded, while attempts to institute safeguards were contin-

ually turned aside. .

Atomic Energy of Canada Liﬁitéd had originally-planned to complete
work by 1957, but this completion date was delayed to late 1960. The
costs also doubled.* * The Department of Extérnal Affairs told the State
Deparément about these difficulties with the Indians, but apparently
their experiencerhad little influence on the decision of the United States
to conclude an agreement for the two Tarapur reactors, and not a great
deal on the Canadian negotiations on RAPP I and II. Indian resistance

to safeguards became one of the chief obstacles to conclusion of the U.S.-

Indian Agreement on Cooperation.

THE ARGUMENT OVER SAFEGUARDS

Indian resistance to safeguards in 1956 was phrased in terms of
Indian sovereignty and justified in terms of Bhabha's plans for an eventual
breeder. Bhabh;-was quite explicit on both points. At the Conference on
the Statute of the International Atomic Energy Agency (IAEA), he explained:

In order to alleviate the long-range power problem, we
have not only to burn the uranium-235 contained in natural
uranium, but we have to utilize all the uranium and thorium
as is possible through the breeding process. It is,.there-
fore, essential that the long-range atomic power programme
be based on atomic power plants which breed new fissionable
material from source material. Since such power plants use
'special fissionable material, it is necessary to produce
this fissionable material in the earlier power plants for

use in the power plants which are to come later in the
programme , *% %

* The agreement is reproduced in Hearing on S. 1439, Export Reorganization
Act of 1775.Joint Committee on Atoric Fnergy, June 22, 1975, USGPO,
Washington, D.C. 1976, p. 14.

*% The Canadians have noted that the construction of an NRY¥. tvne of reactor
there costs twice as much ($30,000,000 vs. original estimate of $14,500,000)
and took over twice as long." Appendix A of AEC trip report, February 29-
March 18, 1960. Typescript in ERDA(fiI€§f6$4m\

* *%TAEA/CS/OR.7 48. 3-72
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" Therefore, he argued, "Wé.consider it to be the ihaliénable.right of
States td produce and hold the fissionable materialirequired for their'
peacgful power.programmés."* |

For his distant panacea of the breeder, Bhabha maintained that there
was a large present value in India's stocking plutonigm, and he therefore
rejected the draft proposal>which gave the IAEA the power "to approve
the means to be used for chemical processing of irradiated materials
recovered or produced as a by—prodﬁct, and to require that such special
fissionable ma;erials'be deposited with the Agency except for‘quantit;es
authorized by the Agency to be retained for specified non-military use
under continuing Agency safeguards."** "In our opinioﬁ," Dr. Bhabha
continued, '"the present draft gives the Agency the power to interfere
in thg economic life of States which come to it for aid. . . . It there-
fore constitutes a threat to their independence, which will be gfeater '
in proportion to the extent that this atomic power generation is developed
through Agency aid.'*** Bhabha also objected to the pﬁfasing of Article
XII of the Statute defining the Agency's rights and responsibilities, and
proposed a qualifying amendment, the addition of the somewhat vague phrase,
“to the extent relevant to the project or arrangement."i The amendment

still stands, an example of the numerous loopholes which the Indians

wove into the fabric of the TAEA rules.

* TIbid.

%% TAEA/CS/OR/28, p. 6.
***TAEA/CS/OR.7, pp. 49-50.

T 1bid. p. 52.
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The United States had argued strongly for accountability for all
source and special fissionable materials used or produced in Agency

projects.

The very name "source materials" indicates the fundamental
role that the material Plays in the utilization of atomic
energy. It is the only material from which either the
fissjonable isotope Uranium-235 can be separated or from
which the fissionable isotope Plutonium-239 or Ur anium~233
can be manufactured. Thus, practically every atom of the
non-fissionable source materials uranium and thorium is
potential fissionable material. . . . No other preseutly
known elements are useful and practical for this purpose.*

Bhabha protested equally strongly against accountability of source materials.
The final compromise reached in the TAEA Statute retains the principle
of accountability of source materials, but allows the States to keep
the “special fissionable materials recovered or produced as a byproduct,"
under continuing Agency safeguards, in such quantities as they could use
"for research or in reactoré, e#isting or under construction."
Bhabha was clearer than many American officials are today about
the fragility of any system of safeguards. '"We mislead ourselves," he
said, "and obscure the problem by thinking that a 100 percent foolproof

system of safeguards can be found which will eliminate the clandestine

manufacture of weapons.''** He gave as an example the use a country might

make of scientists trained in the field of nuclear energy.

A country not having any trained personnel may receive
Agency assistance, with all its safeguards, and in the
course of the years build up a large number of trained
scientific and technical personnel. There is nothing to
stop that country, if it is so inclined, from then switch-

ing over its personnel to military programmes entirely
independent of the Agency . **%

* "TAEA/CS/ OR.37 P. 21 Mr. Wadsworth

** TAEA/CS/ OR.28 p. 56.

***JAEA/CS/OR.28 p. S8.
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But Bhabha combined with this hard-headed view a passion for asserting
Indian independence and the need for any IAEA control to be completely
“"objective and non-discriminatory." "If . . . a large part of the world
is subject to controls and the other free of them, we will stand on the
brink of a dangerous era sharply dividing the world imto atomic 'haves‘
and 'have nots' dominated by the Agency. Such a division,wouldlin itself,
by creating dangérous tensions, defeat the very purpose of the safeguards,
that is, to build a secure and peaceful world."* If safeguards are to
be applied to a non-weapon state, then they must be applied to the weapon
states. Anything else amounts to a "new form of economic colonialism,'**
The Indians have been the principal battlers for "equity" or equal-
ity in nuclear matters from the earliest negotiations. Their appeal
struck a responsive chord among officials and intellectuals.in the‘
weapon states. But looked at dispassionately, it is clear that there
are limits to the equality that is feasible between weapon and non-
weapon states, if we are to take non-proliferation as a serious objective.
By the mid-1950s both the United States and the Soviet Union had explicitly
recognized that there was no practical way--now that weapons had been
made and stored in large numbers——of assuring total nuclear disarmament

of the weapons states. Any attempt to limit the number of new countries

. acquiring nuclear weapons implies then a durable distinction between

weapon and non-weapon states. There is no getting around that. Speeches

about the desirability of total nuclear disarmament, not.to say general

*IAEA/CA/OR.7 p. 48.
**Tbid.

3-75



Source: http://www.albertwohlstetter.com

and comprehensive non-nuclear and nuclear disarmament, are understocod

. to bewail the fact of nuclear armament rather than to constitute a pro-

gram for its total eliminationm. Moreover, thé reduction of the nuclear
stockpiles of the weapon states by half or by nine-tenths, or whatever,
short of their total elimination,will‘not change thét fact. It will
nbt alter the existence of a distinction between nﬁclear weapon states
and non-nuclear weapon states which is a distinction in kiﬁd, not a
distinction in degree. The insistence on the elimination of such a

distinction 1ﬁ practice means the acquisition of nuclear weapons by the
non-weapon state. And today Pakistan talks df-general and comprehensive
disarmament in much the way that India did in the 1950s and 1960s, as

if it were the only fair alternative to acquisition of nuclear weapons,
There is a long history of such invocation of disarmament clauses t§
rationalize armament. The disarmament clauses in the Versailles Treaty
were used by Hitler in precisely that way.

Now as then such arguments appeal to the sense of fairness and the
sense of guilt of those more favored. The Indians elaborated many
variations on this theme of equality and wove it into their bilateral
agreements as well as into some of thée basic statutes of international
organization. In the case of safeguards, the plain purpose in a non-
proliferation agreement is to prevent or discourage or warn about a
non-weapon state's approach to manufacture of nuclear explosives.
Safeguards have to do with seeing to it that a non-weapon state does
not become a weapon state. They have no parallel function in seeing to

it that a weapon state does not become a weapon state. Yet India has
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argued~powerfu11y beginning in the 1950s and éteédily éince, that if
spéci#lAnuclear material ‘civilian programs were t§ be.safeguarded in
India,‘they wouid have to be safeguarded also iﬁ tﬁé.weapon states, such
as the United Stateé.r |

Safeguards in the weapon states would have a.largely symbolic function,
like thg mimic grimaces of pain undertaken by fathers in the Trobriand
Islands while their wives are experiencing the actﬁal childbirth.* On
the other hand, it would mean in practice a considerable allocation of
IAEA's slender inspection resources to this symbolic act in the weapon
states rather than to its actual business of seeing to it that non-weapon
states do not get nuclear weapons.

The argument for equal safeguarding of weapon states also affeéted
the U.S. consideration of the possibility of getting the spent fuei

returned to the U.S., for example, by leasing it or buying it back.

*#The Indians were even willing to acknowledge the symbolic character.
They "observed, however, that they were primarily interested in the
principle involved rather than in the opportunity to inspect U.S. facil-
ities; and accordingly, they offered to provide the U.S. written assurances
that no inspections would be performed by India." Report to the General
Manager, AEC, by Director, Division of International Affairs, attachment’
to memo of July 8, 1963. Typescript in ERDA files.

3177



Since the United States was a long way from having any use for large

amounts of plutonium in its 6wn civilién program, accepting Indian spent

fuel might'have meant.inépection of its separation'facilifies'fo: pro-

ducing piutonium for wgapéqs.* . The‘Indiané used the argument of equality to get
one of :he mbre tortuous provisions into the Agreement on Coopération,

the one on substitution for safeguarded material.’

*See, for example, the memorandum to ¥. D. Bengelsdorf, Assistant Director
for Program Development and Liaison, IA, dated April 12, 1963, from

N. Stetson, Deputy Director Division of Production, of the AEC on
"“Proposed Safeguard Arrangements with Government of India'":

7 The primary concern 6f the Division of Production would be with the
processing of the spent fuel from the Tarapur reactor. There would
be no major problems with international agency inspection of the Ruclear
Fuel Services (NFS) plant since the proposed contract with NFS gives the
Government the right to have foreign inspectors visit the plant. However,
if the fuel must be reprocessed in one of the AEC chemical processing
plants, problems of classification and security exist. Since the foreign '
inspectors may not have full run of the AEC production facility while
their material is being processed, it may be necessary to rely upon
reactor calculations or upon disolver sampling and analysis observation,
if security permits, and the set-aside equivalent quantity concept.

"The paper is not clear with respect to our obligations to process fuels
from the Tarapur reactor. I assume that the AEC is not obligated to
process fuel or purchase plutonium. If this is the case, the AEC could
refuse to accept fuel from Tarapur and thus avoid having the AEC facfilities
involved." (Italics added).

Source: http://www.albertwohlstetter.com
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Notwithstanding anything contained in this agreement the

Government of India shall have the right, upon prior notice

to the Government of the United States, to remove from the

scope of this Agreement quantities of special nuclear mater-

ial, provided it has, pursuant to mutually acceptable measure-

ment arrangements, placed agreed equivalent quantities of the

same type of special nuclear material under the scope of this

Agreement. The Government of the United States of America

shall have the same right with respect .to special nuclear

material produced at the Tarapur Atomic Power Station and

acquired by it.*

In current terms, this would seem to indicate that the Indians,
as they choose, can remove the fuel rods using uranium enriched by the
United States, so long as they replace them somewhere along the line with
exactly the same quantity. In other words, they can remove the rods
before they have become very contaminated with the undesirable higher
isotopes of plutonium, and then replace them with material from a third
supplier, such as South Africa or France. They will then have from the
Tarapur reactor something better than power reactor plutonium with which
to fashion a nuclear explosive, and they will have it legally.

They can also use this clause of the Agreement to- permit reprocessing
of Tarapur spent fuel, which is safeguarded, in the same new Tarapur

reprocessing plant which will also reprocess unsafeguarded fuel from CIRUS.

Supq;—CiRUS/and the yet-to-function Madras power reactor. This eyentuality

had been assumed in both American and Indian discussions of Tarapur,

but it arrives now to complicate the accountability of plutonium.

*Section 13.of the Trilatefai Agreement between India, the United States,
and the IAEA. "Application of Safeguards by the TAEA to the United States-

India Cooperation Agreement." Signed January 27, 1971, Treaty Series
7049. U.S. Department of State.
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TARAPUR

Preliminary negotiations fof the Tarapur reactors began seriously
with a visit from Dr. Bhabha to the United States in November 1959.
The atmosphere'of friendly collaboration and optimism for the future
is reflected in the report of a return visit to India by an AEC team in
March, 1960. Mr. Myron Kratzer, then Deputy Director for the Division
of International Affairs, led the team, whose mission was to assess the
technical feasibility and economic attractiveness of nuclear power in
India in the near term. Representatives from the State Department, the
AEC and its contractors accompanied Mr. Kratzer, and their objectives

were spelled out in detail in a memorandum of January 25, 1960.

1. To review the Indian power requirements for the next ten
o &éér period and the key economic and technical assumptions
underlying the Indian contention that a nuclear power pro-

gram is justifigd at the present time.

2. To determine more precisely what the Indian plans are in

terms of reactor locations, size, and cost.

3. To determine to what extent the Indians might wish and
expect to participate in construction of the reactors
and related facilities, and ultimately perform such

supporting services and fuel element fabrication and fuel

reprocessing services in India.
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4. To assess the technical capability of the Indians to undef-
take a nuclear power program of modest size and to partici-
pate in such activitigs as design services, construction,
fuel element fabrication, and fuel reprocessing. If fuel
fabrication and reprocessing in India is contemplated either
now or in the future, the financial impaci.of performing

such services in India would be evaluated.*

It is interesting that the objectives focused only on technical and
economic questions. There is no mention of proliferation. The desira-
bility of reprocessing in India rather than outside is considered only
in terms of saving foreign exchange. However, here the economic conclu-

sion is rather cautious: India should initially reprocess in the U.S.

" or in the Eurochemic facility, and should not build its own facility

“until the installed reactor capacity in India reaches about 1,000 MWe."
The team recommends building at that time a plant that can reprocess
natural as well as enriched uranium, on the assumption that India will
look favorably on the purchase of a U.S. light water reactor. It assumes
that India, like the U.S., will eventually recycle plutonium as fuel in
its reactors.

Recognition of Canada's competitive natural uranium reactor is,
of course, a strong underlying theme in the report. The AEC team natur-
ally mentions the higher capital costs of the natural uranium reactor,
but points out correctly that India's preference for natural uranium

reactors is related to her desire to be independent of imported nuclear

*"Report by Team Member on a visit to India, February 29-March 18, 1960."
Typescript in open ERDA files. Quotations which follow on AEC team are
all from this source.
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fqels. ", . . . Whether or not the use of natural uranium will avoid
dependence on imported fuel depends upon the validity of the assumption
that India can become self—sufficient in natural uranium pending the

time that it can use its thorium resources. However, the Indians appear
confident that natural uranium will be discovered and exploited in ade-
quate quantities.” The AEC team took a dim view, however, of India's
ambitious 3-stage program culminating in the thorium breeder. ''The
original Indian conception to accumulate U-233 (thus enabling use of
their thorium reserves) through preliminary stages of plutonium produc-
tion in natural uranium, and U-233 production from plutonium [}ié] in
thermal converter reactors is unsound. Utilization of thorium by India
will require an initial step utilizing enriched uranium, and/or the
-éé;éi;;;;ﬁﬁ of economic and effective breeders." (There seems to be a
misprint in the trip report here. The second stage of the Indian plan
involved producing U-233 from thorium in a converter reactor fuelled with
plutonium.) The utilization of Indian thorium seems as far off im l97ﬂ‘7
as it did in 1960. Utilizinglg;riched uranium and/or “the development

of economic and effective bréeders" make quite an "initial step,” saved
perhaps by the "or" in "and/or."

The AEC team made some very sobering observations about the
limitations of India's heavy industry and its shortage of middle level
personnel in both administrative and scientific fields. "Any nuclear
power plant constructed in India in the near future would have to depend

almost entirely on imported equipment and components.” While India had
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the technical capability to operate such a plant safely and effectively,
"undgr present conditions, design, procurement and errection of a nuclear
plant should be the responsibility of a'competent U.S. firm with undivided
authority."

Nevertheless after an “extensive review of cbmstruction methods
and costs in India," the team concluded that with savings of some equip-
ment items purchased in Europe and lower local labor costs, the plant's
construction would cost about 10% less than in the United States. "In
the immediate future, enriched uranium nuclear power plants can be
jnstalled at a few selected points in India to yield power costs that
are within the range of conventional power generation at the same sites.”
The report even goes so far as to suggest that the arrangement will be
not only mutually beneficial, but of particular benefit to the United
States.

The team's political observations were more acute than its economic
analysis. The report indicates great awareness of Indian sensitivity
about independence of foreign assistance, and notes that the problem of
safeguards is likely to be a central one in the negotiations.

A special aspect of the political questions affecting nuclear

power development is India's attitude toward safeguards. At

present, India's professed position is that it has no objection

'in principle' to safeguards on enriched uranium, but will not

accept safeguards on natural uranium which it believes to be

available in abundance from many sources without safeguards.

However, India has made no effort to define the form of safe-

guards for enriched uranium which it might find acceptable. It

is clear that, in reality, India wishes to avoid safeguards in

all forms and to the maximum extent feasible, and will accept
them as a matter of expediency only when it derives some advantage

3-83



Source: http://www.albertwohlstetter.com

from doing so. This isrillustratéd by India's acceptance of
safeguards with respect to heavy water when this was made
available to them on a lease basis.
Mr. Kratzer's déubis on this score.were.fully justified. It took
until August 8, 1963 for the United States and India to come to terms on
a Bilateral Agreement that was especially designed for India. The loan
agreement was signed on December 7, 1963 and on May 8, 1964 General
Electric and its Indian subsidiary signed a contract for the Tarapur
Power Project. The U.S. press release billed it as ''the largest com-
mercial contract ever undertaken in the General Electric Company's history."

o
The Tarapur loan deserves a place in history as a premdwa example

of a soft loan and actually a very large gift: 3/4 of one percent interest,

_.a 40-year loan with a ten year grace period. (The market for such loans

is hardly a borrower's market.) The terms of the loan caused some hesi-
tation in Congress, in addition to the fact that some of its members
had had a bit of experiénce with India's former responses to American
generosity.,

During the hearings in 1964 on U.S. arrangements for financing
the Tarapur reactor, Senator Aiken, for example, recalled,

I wouldn't be so skeptical if I didn't have something

to do with the wheat deal for India. When they were

having famine conditions we shipped them wheat and they

wouldn't let us land the wheat we were giving them until
we paid customs duties on it.*

*International AgreeﬁentsfornOooPeration. Hearings before the Subcommittee
on Agreements forCooperation of the JCAE, Sept. 5, 1963, April 22 and June
30, 1964. USGPO, 1965, p.88.
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And Representative Hosmer had had a similar problem:

Do you recall when we were having trouble with the
Chinese up on the border a couple of years ago and
the Indian Government Collector of Customs were stopping
the boxes at the port of embarkation, opening everything
up and putting a customs stamp on it, after a leisurely
period of time before the rifles were sent up to the men
. in the front line. This is the kind of thing that is
bothersome to the country boys like me.*

These remarks were made in connection with the fact that part of the
cost of $118 million for the Tarapur borme by the United States was in
customs duties of $5,610,000 on the goods being sent in from the United
States.

Chairman Pastore also meﬁtioned an article in the press where
“"Gandhi's daughter"” (actually Nehru's daughter) was taking America-te
task for the U.S. attitude to the Kashmir dispute.

The American taxpayer sometimes is willing to do these

things in order to stabilize these governments or So

that they will be our friends. . . . But what difference

does it make? We are still spending money to be rebuked,
and that is a hard thing to take. I think that is what

is troubling us here.**

Representative Bates chimed in:

And beiiges the Joint Committee was not permitted to overfly
India. :

* p.86
#*% p,82
*%%Tbid.
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Chairman Pastore then summed up,

If we are losing good will, what are we buying here? This

is not a business transaction in the strict sense of Americam

business understanding. There is no question about it at

all . . . we are subsidizing the deal between GE and the

Indian Government and the American taxpayer is making a

grant, * [As it turned out, GE was making a grant also.}

The consensus of Congressional opinion was that the Indians drove
a hard bargain and were quite capable of looking after their own interests.
The State Department representative, Mr. Vagliano, was asked for his
point of view and he protested mildly that we were not in this aid program
“necessarily to be liked by the Indians.” That would not be a "particularly
good investment. But I think that the hope, possibly the cautious expec-

———————————— tation-is-that over a period of x years, that country will be in a state

where it will be strong both economically and able to take care of itself,
and that it will be on the side of the West. At that point, we will be

in a situation where it will be a good market for us, too."**

Congressional opposition was overcome by the fact that the economics
of the Tarapur Project had been under intensive study for some time. AID
had financed a study by the private firm of Burns and Roe, as well as a

five year study by the Government of India under the leadership of Walker

Source: http://www.albertwohlstetter.com

Cisler of Detroit Edison, and Professor E.A. Robinson of Cambridge.
Unfortunately the economic analysis dome by Burms and Roe was faulty and
biased toward the nuclear alternative. It had the usual predisposition

to use low interest rates so that the top of its range of interest rates

* Ibid.
**Tbid., p. 83.

3-86



Source: http://www.albertwohlstetter.com

was the bottom of the range of interest rates indicated as more reason-
able by I.M.D. Little., It left out the cost of all the fuel rgloads

in the case of the nuclear alternative. It dealt with the alternative

of coal, but did not recognize that some of the coal was available, except
for the expense of transportation, atvessentially-;gro cost (as a result
of what economists call externalities--in this case benefits from other
industrial operations). As for transportation costs, Burms and Roe did
not adequately consider the possibility of developing cheaper methods of
transporting coal. In the Bombay region, which hasa seaport, improved
water transport might have yielded particularly low costs for bulk ship-
ment of coal. And improved trénsport would have generally beneficial
effects on the economy. Burns and Roe recommended the project, with only
minor qualifications, and AID followed suit.#* .

By contrast the Energy Survey of India Committee, which had a
galaxy of American, British and Indian advisors, including Homi Bhabha
himself, recognized the modest role that nuclear energy would probably
play in India's plans for the next 20 years.

If the cdnstruétion op;ratiné costs of nuclear energy can

in practice be at the levels we have set out . . ., nuclear
energy is likely to have an increasingly important part to
play. But while its contribution to the problems of the next
century may be great, its contribution to the problems of the

next twenty years, however, represents a small fraction of India's
total energy requirements.**

* Details are provided especially in Section V, "Economic Analysis
of the Project,"” India - Tarapur Nuclear Power Project, AID-DLC/P-170.

*%*Report of the Energy Survey of India Committee, New Delhi, the Government
of India, 1965, p.6.
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The Committee concluded that the cheapest method for gemerating electric

power in India was coal and that coal was cheaper than nuclear electric

power on all but the most optimistic assumptions for the nuclear altermative:

A low coal-cost thermal statidn such as can be constructed to

burn by-product or waste coals at the coal-field, if operated

at a plant factor of 607 or better is probably the cheapest

method of generation of all.*

The fact that WalKer Cisler, a prominent proponent of the use of
nuclear energy for electric power was a leading figure in the inquiry
lendsra great deal of weight to that opinion. But as William Hoehn points
out, even though this survey was reportedly going on during the time of
the Burns and Roe investigation, there seems to have been no communication
between the two groups, in spite of the fact that both were financéd by
AID.**

The actual performance of India's nuclear plants confirms all the
skepticism exhibited by Little and Hoehn. The capacity factors are a
good example, but also the length of time for construction, and the miser-
able maintenance record. The notion that India could lead the Third
World in growth through nuclear power is denied by the figures. The per

capita national income in real terms had grown by only 11% from 1960-61

to 1974-74. The annual growth rate during the Third Plan had been only

* 1bid, p.132,

**See William E, Hoehn's analysis in "The Economics of Nuclear Reactors
for Power and Desalting,' RM-5227-1-PR/ISA, November, 1967, Chapter IX,
"Nuclear Power in Less Developed Countries," p. 144 ff. The Rand
Corporation, Santa Monica, California.
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0.3% and in the Fourth Plan 0,5%Z.* These fighres can hardly be a tribute
to the allocation of effort in aid to nuclear energy rather than.to other
more productive fields. |

It is then with some fatigue that we listen to Parliamentarian
Subramahian—Swaﬁy of the Jan Sangh party complainiﬁg that the Indian
government is still taking too much into‘accduni the costs of economic
development, when it considers nuclear enexgy, both civilian and military.
After all, he points out, the government did not let economic considerations
jnfluence it when it was putting in its steel complex at Bokhara.** That
is quite true, and as we now know, the Indian public sector plant has
been a disaster from the point.of view of India's economic. development.

Our former ambassador-to India, Daniel P. Mo&niﬁan, has summed it up:

In the year of its independence, 1947, India produced 1.2
million tons of steel and Japan only 900,000 tons. A quarter
century later, in 1972, India produced 6.8 million tons and
Japan 106.8 . . . The break in Indian growth came precisely in
1962 when the United States, which had been about to finance
its largest aid project ever, a steel complex at Bokhara in
Eastern India, insisted that it be managed privately. India
insisted on a public-sector plant, for which read a plant that
would do what the Prime Mipister of India wanted done. In the
manner of the Aswan Dam (and with as much political impact),
the Russians stepped in to finance the public-sector plant.

By 1974 this plant had yet to produce sheet steel. For the
period 1962-72 Indian steel production grew by a bare 1.8 percent,
while Japanese grew 13.4 percent. *

Source: http://www.albertwohlstetter.com

* FEconomic Survey, 1974-75, Table 1, "Gross National Product
and Net National Product,” New Delhi, The Government of Imdia, 1974-75. p. 59.

%% “A Weapons Strategy for a Nuclear India." 1India Quarterly, October-

Decembexr 1974.
*%%Daniel F. Moynihan, "In Opposition," Commentary, March 1975, p. 40.
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In the case of steel we were clear that India's proposal was not
going to be the best way for India to catch up with the industrial West.
We also regarded its political value as dubious, although Indian moti-
vétion fér a public sector plant was primarily political. In the case

of our economic subsidies to Tarapur, we were less'discriminating.
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FROM CIVILIAN POWER TO MILITARY POWER

There is substantial evidence that the initia];. ‘;[::f:; to separate
and accumulate plutonium was made for purely civilian, though somewhat
vaguely defined purposes. However, several events inﬁervened between the
beginning of a nuclear explosive program in the mid-sixties and the formu-
lation nearly a decade earlier of a long-term civilian power program, which
included the Phoenix plant-for separating plutonium for ultimate use in a
breeder reactor. These events made highly probable the transition
from nuclear electric power to a nuclear explosive program with mili-
tary applications more immediate and persuasive than any civilian applica-
tion in a breeder or near-breeder reactor.

The first of these events was the Sino-Indian war in 1962, and the
unexpected humiliation of the Indian armed forces. Second and perhaps most
influential was the remarkably successful conclusion of a Chinese nuclear
weapons production program, issuing in a series of tests beginning in
October 1964 with a uranium fission bomb, then the testing in May 1966 of
a fusion device, and culminating in a nuclear armed missile test in October
of that year. Third was the experience of armed conflict with Pakistan
over Kashmir in 1965, in which the Chinese issued statements of support
for Pakistan and cautionary threats against India for what it described as
“criminal agression", and finally an ultimatum that India pull back from
Chinese territory bordering Sikkim or face "grave consequences.'* During
the war the United States and the Soviet Union sought to restrain China

with public and private messages; and the United States cut off aid to

*William J. Barnds, India, Pakistan and the Great Powers, New York,
Praeger, 1972, p.206.
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both India and Pakistan. However after the war had ended India grew

increasingly resentful that the United States did not immgdiately're4

institute military aid for India because of the threat it faced from

China.

In 1962 increasing tension along theASino-Indian northern border -
had finally broken into severe fighting on October 20. it’cqntinued to
November 20, when the army of the People's Republic of China inflicted a
huniliating defeat on the Indian army. With this shock the possibility
of a military nuclear option became a subject for private discussion
and speculation in the Poreign Ministry and thé Indian AEC. The issue
burst into the open on October 16, 1964, when the People's Republic
of China exploded its first atomic device in the deserts of Western

Sinkiang. Alarms were sounded around the world, but India felt herself

particulafiy.thfeatened. The pro-bomb advocates in the press became
more vociferous as did the spokesmen for the Jan Sangh party. There .
were numerous counter;statements by scientists and statesmen in the dom-
inant Congress Party on how strong and peaceful and moral. India was,
though there were some cracks even in this official armor, including a
suggestion that India's moral position might be improved in forwarding
disarmament, if she could speak as an equal to the great powers, i.e.,
as a member of the nuclear club. Prime Minister Shastri himself raised

these questions before the Lok Sabha on November 24, 1964: "What we will

gain by manufacturing the atomic bomb, how far it would be able to increase

our strength, and to what extent we may be able to gain parity with the
nuclear powers, and what burden it will impose on the country? And

whether, at the same time, would we be able to work more for peace or
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to raise a stronger voice against nuclear warfare and nuclear weapons,

as India has been doing until now."* As another high Indian official

said at the time,'"It is only when we have the bomb, that we can renounce
it convincingly, in the manner of Ashoka, and make a dramatic impact

on the world in order to reverse the mad career of mankind to universal
destruction.'"** 7 ’

The government of India has always inéisted that its atomic energy
program would be devoted only to peaceful uses, and Dr. Bhabha had set
forth that pésition in numerous speeches during his last years. But
the first Chinese explosion caused a significant change in his public
pronouncements. Eight days after the explosion on October 24, 1964,
in celebration of United Nations Day, he spoke in glowing and urgent
terms on nuclear disarmament. This has been a theme song of many non-
weapon states who feel themselves "outcasts" from the so-called nuclear
club, a caste status to which India, in particular, was sensitive. If
they are déprived of nuclear weapons, so the argument goes, then the
great powers should not have them, and should show their good faith
by renouncing them. Indeed, it is hypocritical, they say, to speak of
nuclear disarmament other than in terms of gemeral and complete dis-—

armament.

Source: http://www.albertwohlstetter.com

* Reprinted in Survival, (March-April 1965), Volume 7, Number 2, p. 59.

**Interview, April 1966, name withheld on request. Since the explosion,
K. Subrahmanyam, Director of India's Institute for Defense Studies

and Analyses, has argued, ". . . one may legitimately regard the
Indian test explosion as a contribution to the increased influence
of India in international disarmament negotiations." £'The Indian

Nuclear Test in a Global Perspective," New Delhi, India International
Centre, 1974, p. 7.



Dr. Bhabha apparently departed from this theﬁe of disarmament

1in his speech on October 24 when he pointed to the savings in conventional

arms permitted by the acquisition of nuclear weapons. But the sense
of his talk, suggesting that nuclear armament might permit conventional
disarmament, provided one congenial rationalization.for undertaking
a military nuclear program. Dr. Bhabha saild:

A minimum supply of nuclear weapons coupled with an

adequate delivery system confers on a State the capacity

to destroy more or less totally the important cities

and industrial centres in another State.* .
Not only that. It seems "atomic weapons give the State possessing them
in adequate numbers a deterrent power against attack from a much stronger

State." He then went on to say (quoting from a future Plowshare price

list presented by two Livermore scientists) how little an atomic explosive

Source: http://www.albertwohlistetter.com

costs-;“;"io kiloton explosive at $350,000, a two megaton explosive at
$600,000." This proved, he thought, “. . . that atomic explosives are
some 20 times cheaper and thermonuclearlexplosives 500 times cheaper
than conventional explosives." A bargain hard to turn down.**
Bhabha's dream here is no longer of electricity throughout the

villages of India, but one of absolute deterrence. Here the fact that

* Bhabha, "Nuclear Disarmament," Nuclear India, radio address published
by the Indian Department of Atomic Energy, Volume 3, November 1964.

*%Gerald Johnson and his co-author Higgins, in citing possible prices for two

U.S. plowshare devices, presumably were pricing them at the extra
costs they wduld entail for the United States to produce, starting
from the U.S. nuclear weapons program at the time, with many billions
of dollars already invested. Needless to say, the cost to India to
make a few fission and fusion devices of this sort, starting from
where the Indian program was at the time, would have been of another
order of magnitude.
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India is large, though poor, holds a promise. ", . . if countries were

free for a decade or more, as at present, to develop nuclear weapons on
their own," then "at least a few countries, and especially the very large
ones, could get into a position of héving a nuclear deterrent force
against any other." (That of course has been the'will o' the wisp of
Minimum Deterrence even for small countries, to say nothing of large

ones like India.) He concludes, somehow, that from this position follows
the need for "substantial progress toward general disarmament” as soon
as possible. The Chinese explosion has made clear that "there is no

time to be lost."”

Indian officials continugd to use the rhetoric of non-alignmént and
universal disarmament while in fact India was aligning herself against
China and actively seeking some sort of guaranéee against a Chinese attack.
The desire to preserve her reputation for non-alignment affected the
character of the guarantee she sought. In the mid and late sixties she was
looking for a guarantee from both the United States and the Soviet Union,
and privately admitting that mutual disarmament by these two powers would
do nothing to protect her against China. Off the record interviews in 1966
and 1977 also made plain that Indian officials would put no trust in amy
promise by China to disarm totally. No such promises to disarm would substi-

tute for an Indian nuclear weapons program since, they claimed, the non-existence

3-95



- of Chinese bombs in the vastness of China's territory could not be
verified.*
Bhabha, however, was not alone in his feeling of ufgency, and during
1965 that feeling increased as the skirmishes wiéh Pakistan developed
into war. Eight-six members of the Indian Parliament appealed to Prime
Minister Shastri in September, 1965 to undertake a nuclear weapons program.
As one historian, H. R. Gupta summed it up, "After the Pakistani war,

almost the entire nation wanted India to go nuclear."** 1In his reply

* See Addendum G, Interview, among others, with C. F. Jha by Albert Wohlstetter
April 19, 1966, New Delhi. See also thelengthy interview by Arthur J. Dommen
with Sisir Gupta of the World Affairs Council in New Delhi, in connection with
the organized opposition of some Indian intellectuals to the NPT:

"'We are in the. paradoxical position of wanting the United States and the
Soviet Union to announce they -have agreed on the need to halt proliferation,
s ----——and-at—the same time of telling them that they will not be able to dictate

our security policy":IP Gupta says that arguing, as the Indian delegation at
Geneva has done in the past, that a nonproliferation treaty is unfair as long
as it does not compel the nuclear "haves”" to make a sacrifice also in the form
of reducing their own stocks of weapons is futile, since any such reduction by
the two superpowers; the United States and the Soviet Union, would be entirely

symbolic, and no one expects China to be governed by any disarmament resolutions
passed at the Geneva conference anyway. I Moreover, narrowing the gap between

the superpowers and China by forcing the former to take steps to reduce their
capability is not in India's interest. P Instead we should try to get China
priced out of the market, Gupta says, by nullifying the credibility of China's
nuclear potential.FPGupta agrees that the threat from China's growing nuclear
capability is entirely political. He believes that of all the five nuclear
"haves" China is the most likely to make use of its nuclear weaponry to black-
mail its neighbors. PP 'We must go on emphasizing the danger of proliferation
and say it is not a good thing,' Gupta says. 'But we should not close the
debate.' ™ Gupta, 38, who studied at the University of Pennsylvania and
Massachusetts Institute of Technology, was interviewed in his office at the
Indian Council of World Affairs here.” "Group Opposes India's Signing Nuclear
Pact'", Los Angeles Times, March 6, 1967, (Italics added); and interview with
Dr. Lee Rose, University of California, Berkeley, March 3, 1977, who was in
India in 1965.

Source: http://www.albertwohlstetter.com
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**H.R. Gupta, India-Pakistan War 1965, Hariyana Prakashan, Delhi, 1968, p.112,
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to the Parliament, Shastri declared, "it is not our policy at preseant

' and later on October 19th of that year he

to go in for atomic weapons,’
said "It would not be a bad thing to forget the atom bomb altogether.”*
It was in‘the midst of an intense national debate for or against
the nuclear military option that the Phoenix reprocessing plant was
formally inaugurated on January 22, 1966. The publicity went far beyond
anything that had occurred at the‘inauguration of the CIRUS. Prime
Minisﬁer Shastri gave the main address to an audience of 5,000 which
included a score of Indian government officials and 40 visiting digni-
taries. Among the visitors were noted Mr. J.L. Gray, president of the
Canadian AEC, Mr. John G. Palfrey of the U.S. AEC and Mr. J.M. Hill of
the British AEC. AEC representatives were also present from Denmark,
Norway, Sweden, Belgium, Switzerland, Japan, Ausfralia, Afghanistan, and

Pakistan, as well as Director General Eklund of the IAEA and his deputy

Mr. Goswami. The Times of India headlined the visitors' approval:

"India's Stand Hailed by Visiting Experts: Atomic Energy Solely for
Peaceful Purposes.'** This had been the theme of the Prime Minister's .
address the day before, describing the plant as 'a bridge between atomic
power stations based on natural uranium and future stations with breeder
reactors based on the thoriuﬁ~uranium—233 cyclé",*** the key to raisiné
INdia's standard of living as well as her independence in energy.

Dr. Bhabha also spoke, and emphasized the same themes. He noted further

* TIbid. quoted p.112.

** The Times of India, Jan. 24, 1965. I am indebted to Richard Speier
for this reference. His doctorate, United States Strategies against
the Proliferation of Mass Destruction Weapons (Massachusetts Institute
of Technology, 1968), is one of the earliest public discussions of the
dangers of plutonium reprocessing in India.

*%*The Times of India, Jan. 23, 1965.
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however .- in an aside perhaps intended for the absent Chinese -~ thét

"the capacity of the present pluﬁoniﬁm plant had proved to be many times

its planned capacity and the progress in atomic powef generation had been
such that this plant was sufficient to treat the used fuel elements from

all the natural uranium atomic power stations which would be in operation
by the end of the Fourth Plan ZE;'IQZ§7h*,

Six months later, using another method to broadcast the double-
edged character of his nuclear program, Dr. Bhabha conducted a public
relétions tour of the Phoenix plant for five correspondents (four British
and one American). The enthusiastic report of one of them, Victor K.
McElheny, implies that the plant is functioning successfully. It "...has
not yet separated the 10 kiloérams of plutonium generally said to be desirable
for a single atomic bomb, but it soon will.''** Dr, Bhabha's knowledge of
the bomb potential of the CIRUS plutonium was not necessarily shared by
his compatriots in the Indian government, for in the midst of this publicity,
they continued to deny plans by India to become a military nuclear power
and reemphasized the need for plutonium fuel in the breeder.

Indian cries of alarm and threats to go nuclear aroused some uneasi-
ness in the Canadian press, and finally reached the floor of the House of
Commons. On November 2, MP Andrew Brewin rose to question the Secretary
of State forExternal Affairs, Paul Martin, as to whether there was any-
thing to the press reports about “the possibility of India using the

reactor which was contributed by Canada under the Colombo plan for the

production of a nuclear bomb?"

* Tbid.
**McElheny, V.K., “Electric Power Remains Emphasis of India's Nuclear
Energy Program,” Science, Vol. 149, July 16, 1965, p.284.
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Note that the questioner identified the ptoduct of the CIRUS
reactor as material for a bomb, that is, as an explicitly military weapon.
Thét identification made it easy for the Secretary not tdrface the more
important issue as to whether a nuclear expiosive, however labeled, was
a possible product. He replied: |

« « « As regards the policy of the Indlian government 'in
this matter, I think the record is clear. Prior to the
Chinese explosion, and subsequently in the face of that
event, the prime minister of India stated that India is
maintaining its policy of not manufacturing atomic weapons.
I regard this declaration as a positive contribution to
world peace.

Insofar as the Canada-India reactor is concerned, under
an agreement concluded with India in April, 1956 and tabled
in this house on May 9, 1956, the government of India gave
an unconditional undertaking to use it for peaceful purposes.
The relevant article of the agreement reads as follows:

"The government of India will ensure that the reactor
and any products resulting from its use will be employed
for peaceful purposes only,"*

If such declarations are positive contributions to world peace,

TTTTTTTTTEhén peéacé may be advanced steadily while an approach to making nuclear

_explosives proceeds apace.

But Mr. Brewin at any rate was reassured, and the climate of
opinion at the time made it unlikely that the question would be raised
or pursued in any very stark form. (Was India likely to do what she
later did, that is, make a nuclear explosive plainly capable, with
minor modifications, of military use, however doubtful its appliéation
to digging canals?) India, in most minds, we must remember, was not
yet the country of Indira, but rather of Mahatma Gandhi, firmly attached
to peace, if not to non-violence. And while doubts may have surfaced
by 1964, it is also important to remember the atmosphere that prevailed
in 1956 when the Canadian Indian agreement was signed. According to

one Canadian report,

*Canada, House of Commons Debates, 26th Parliament, Second Session, Volume
IX, (Ottawa: Queen's Printer, 1964). p.2587
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The announcement was warmly received. We still carried
vivid memories of the atomic explosions over Nagasaki and
Hiroshima 11 years earlier; we knew, the world knew, that
survival depended on deflecting this fearsome power from

war to peace. What better place to share our atomic tech-
nology than in India, an impoverished nation whose dedication
to peace was manifest, a nation that could he trusted to

use this new resource for much-needed nuclear power, not

for bombs."*

And since only Canada was exploring the deuterium-uranium or heavy

water approach, the "Indian agreement was a douﬁlé triumph: it not

only marked us as a'generous and responsive people, it provided a sh&w—

case for our technical expertise, a sample for our wares. Nobody, at

first, questioned the CIR deal."**And in 1964 no one seriously wanted

to question it. Except Pakistan, whose government sent a stiffly worded

diplomatic note to the Government of Canada, and who received the same

sort of assurances. .
Nevertheless in India, Bhabha was now intent on developing nuclear

explosives. Sir John Cockcroft had noticed that Bhabha in his official

pronouncements always followed the policy of his government. But "in

discussions at small closed meetings he appeared to be in favor of

making bombs for a Plowshare programme."*%% <<jiJ? -1 # ?l}€: P‘ZVu
The indications are that Bhabha's view prevailed throughout his

own Department of Atomic Energy, and (especially after the Sino Indian

war of 1962 and the Chinese nuclear test) also in the foreign policy

establishment and in a faction of the Congress Party. But the momentum

* Walter Stewart, "How We Learned to Stop Worrying and Sell the Bomb,"
McLean's National Magazine, November 1974. Reprinted as Appendix 8 to
U.S. Foreign Policy-and .the Export of Nuclear Technology to the Middle
East. Hearings :before the House Committee on Foreign Affairs, 1974, op.cit.
*% Tbid.

#%*8ir Johm Cockcroft, op. cit., p. 421.
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of his cdntribution to the drive toward developing nuélear explosivés
was lost with his sudden death in an air crash in 1966.

However a new incentive for India to undertake a nuclear weapons program
had come as a byproduct of India's brief war with Pékistan‘ih 1965.
Fighting broke out between the two countries in Ap;il and then again in
August, and in Septemberithe United States finally cut off military aid to
both Pakistan and India. In India this loss occasioned less hard feeling at
the time than might have been expected. American aid had been quietly
offered during the war and remained gemerous after thé Indian defeat in 1962.
The United States had worked with Great Britain to set up an air defense -

warning system, which was not yet complete at the time of the troubles in Kutch

and Kashmir, but aid to Pakistan had been much less. India had been complain-

ing since April about Ayub's use of American‘supplied arms against India,

.and the cutoff in effect benefited India, at least so far as its military

position against Pakistan was concerned. However, after the war had
ended, and a "nkoar“ agreement had been signea by both parties earl} ;n
1966, with the Soviet Union as mediator, the U.S. failure to reinstate military
aid caused a growing resentment.* |

Tﬁe resentment had to do in particular with the fact that India had
given great importance to the air warning system, in particular in relation
to China. 1In the Sino-Indian war in 1962 India had felt its cities would be
totally vulnerable to a possible Chinese air attack, mainly because the cities

had no substantial aircraft warning system and therefore no possibility of

* See the account in William J. Barnds, India, Pakistan, and the Great Powers,
op.cit., Part ITI, "Confrontations and Their Consequences", pp.165-237., and
Chester Bowles, "Candid Comments on Indo-American Relations", 1965 in A View
From New Delhi, Selected Speeches and Writings, 1963-1969, Allied Publishers,
Bombay, 1969., pp. 174-181.

For more detail, see Hari Ram Gupta, India-Pakistan War 1965, Volume II,
Hariyana Prakashan, Delhi 1968, especially Chapter 15 (3), "The Only Solution".
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passive defense measures of evacuation or active defense measures of inter-
ception. This was one of the reasons that the Indians themselves dared not
risk the use of their own air force in the course ef the war. A paralysing
concem about the vulnerabilify of their wajor cities to conventional ettaCR
is a factor in the deliberations of some other potential nucleer powers,
namely South Korea and Israel, and sometimes it has suggested to them the fﬁ
need for a desperate last resort capability for nuclear retaliation againsﬁ&/}'/ “%'
adversary cities. In the case of India, however, the ranges to important Zﬁ*
Chinese cities are extremely extended. fgﬂjci”t;’qy
The fact that the Indians may have been in part influenced in their

decision to undertake a nuclear explosive program by a cutoff in conventional

military assistance provides some-evidence that policy on military sales or
~—— R

milltary aid ueeds,to be con31dered carefully as part of any antl-proliferation

pol%gx; Some military sales mlght complement and encourage the acquisition of
n;clear weapons; on the other hand some might actually substitute for and re-
duce the incentives for nuclear force. If the latter kind of military arms
transfer is cut off, it may be one of several precipitating factors in a
decision to undertake a nuclear weapons program.

Indian economic planners had tried to slow the nuclear program during
Bhabha's lifetime. They were concerned that large expenditures on civilian
nuclear energy (not to say military nuclear'energy) would interfere with
the overall development of the Indian economy. They were joined by the
military, who in turn feared a reduction in their budget for conventional forces.
Both theeconomists and the military were a good deal more realistic than the
physicists about the costs, first of an explosive, and then of an adequate
delivery system. The economic planners at that time, according to grumblings

in the Ministry of External Affairs, had too large a role in government policy

3-102



Source: http://www.albertwohlstetter.com

making. The Ministry view is reflected in a public stafémeht by Sisir Gupta,
then Director of the Council onWorld Affairs of New Delhi: |

The lop-sided emphasis on the cost aspects of the atom bomb

in the current debate over the advisability of reviewing

‘India’s declared policy is a measure of the disproportionate

importance given in India to the economists' view in the de~-

termination of all major State policies.*

‘The military opposition was gradually eroded in 1966 and 1967 by worry
about withdrawal of American arms aid after the 1965 war with Pakistan, and

by enlarged budgets granted by the Government of India for conventional arms.

Today, India has the fourth largest conventional force in the world. And for

tﬁ\ the kind of nuclear spread we focus on in thisézzgiif: sophis#kicated delivery

systems may not be important.

*Sisir Gupta, "Break with the Past," in a symposium entitled "The Bomb",
Seminar, New Delhi, January 1966, p.28.
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Indian economic planners in the sixties also lost outrgradually
to other government factions. In 1970, when the Indian space program
was incorporated into the AEC, one commentator noted cynically that
the AEC‘blueprint for a substantial acceleration of both the space and
nuclear programs was trying to ". . . cash in on the country's growing
iconéern about China's capabilities. The AEC is obviously hoping that
the persnickety economic planners in New Delhi will not now look as
closely into costs and benefits as they did.when they decided to allow
only Rs (Rupees) 150 million for new nuclear power projects during the
fourth pian running from 1969 to 1973."* (The most frequently cited
price tag for the ambitious ten year plan, according to Wayne Wilcox
in 1971, was $1.6 billion.** He foresaw an Indian missile~thermonuclear
force coming into being some time in the 19805.)

Indian anxiety about the People's Republic of China mounted with

and third

the second /Chinese testsand grew to a fever pitch, when the the first
nuclear armed missile was launched on October 27, 1966. Then ﬁhe
Indian press reacted angrily, recalling earlier American assurances
that India had nothing to fear because China lacked a delivery capability.

America, it asserted, was under-reacting for fear that India might -

“"crash into the nuclear club."*** {ables from the American Embassy

* Dilip Mukerjee, "Itching for the Bomb," Far Eastern Economic Review,
(July 9, 1970).

**Wayne Wilcox, "Nuclear Weapon Options and the Strategic Environment
in South Asia," California Seminar on Arms Control and Foreign Policy,
June 1971.

***Indian Express, editorial of Oct. 29, 1966, Cf. also The Patriot
editorial of the same date.
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referrved to the growing pressure from théApro-nuclear faction in India
on the Indian Government to enter the ﬁilitary ﬁuélé;r fie1d.* Thé
Unitéd States government itself had in fact been exﬂibiting a good deal
of concern, beginning with the first Chinese teét,,an& ﬁéd éonsidered

a large number of alternatives for dealing with ;he Pebp1é;s'Republic.
Witness the now public set of documents known as éﬁércilbattic Report.**

Any country seriously interested in non—proliferation is not likely to

welcome a new member to the nuclear club.

* See, for example, New Delhi cable 6547 and Bombay 785, both of November 2,

1966. (unclassified, released under the Freedom of Information Act.)

Indian and American press reports support this fact of pressure also.

(Clippings available on request). On June 30, 1966 at the Rand Corporation

in Santa Monica, California, Roberta Wohlstetter interviewed Dr. S. Bhagavantam,

Science Advisor to the Defense Minister, and Director General of Defense

Research and Development for the Government of India. He "felt very strongly
___that _the Prime Minister needed objective advice for the pending decision on

whether or not India should acquire nuclear weapons. As he described the

situation, pressure is currently being brought to bear by the public,

by members of the Parliament and by various government agencies to go

nuclear, but the pressure is uninformed and emotional. Newspapers play

up the Chinese threat; members of Parliament aim at getting votes; the

Ministry personmnel are largely ignorant." excerpt, page 30 of The State

of Strategic Studies: Japan, India, Israel, July 1966. Report to the

Carnegie Endowment for Iriternational Peace, July 1966-.

*RAvailable at the John F. Kennedy Library, Massachusetts. A secret
State Department study begun in the fall of 1964, om how to deal with
China and further proliferation, recently declassified. A memorandum of
November 26, 1964, on "Problem Areas and Suggested Assignments" under
the heading, "Policies toward Existing Nuclear Countries" mentioms four
courses of action with respect to the People's Republic of China.
"g) possible international political foundations (Gen. Assembly
action, etc.) for action to frustrate further Chinese tests.
h) the military possibilities of eliminating the Chinese nuclear
capability.
i) the possibility of "punishing" China for a subsequent test.
"j) policies designed to turn China into a friend."”
("Presidential Task Force on Nuclear Proliferation”, Major Documents,
Table 2, Memoranda, Box 10, Roswell Gilpatric Papers, John F. Kennedy Library.)

Source: http://www.albertwohlstetter.com
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In,India'a typical and 1mpqrtant pro-bomb advocate at that time
was Dr. Gopal, son of President Radhakrishnan fnd head of the
"Historical Division" of the Ministry of Extérn;i”Affairs. (The His-
torical Division had been misiegdingly titled in the British manner.

It corresponded to our Policy Planning staff in the State:Depértment.)
Dr. Gopal wanted a "plowshare" type of explosion soon, as a demonstration
for prestige purposes. He claimed that his view represented that of

the overwhelming majority of members in the Ministry. Other interviews*
at the time seemed to confirm his claim. It was visible also in the
World Affairs council, the foreign policy establishment outside the
government. Dr. Gopal pointed out that an underground explosion of

this sort would not be inconsistent with the Limited Nuclear Test Ban
Treaty. When asked if India would use plutonium derived from the oper—
ation of the Canadian-India CIRUS reactor, Dr. Gopal replied, “Yes."
Would this be consistent with the "peaceful uses" agreement covering

the CIRUS? Again Dr. Gopal answered, "Yes." Would that be agreeable

to the Canadians? "That," he felt, "would certainly be an acceptable

interpretation of the arrangement.'* * "Of course,” he added, "there

"* See Addendum G for list cf interviews by Albert and Roberta Wohlstetter

in 1966 and 1967.
**Interview with Dr. Gopal by Albert Wohlstetter, April 18, 1966.

3-106



Source: http://www.albertwohlstetter.com

'
[

" Was he aware

is always some possibility of disagreement on meaning.
that Plowshare devices to move earth would be low fission fraction,
and quite different from what he had in mind? He answered, "I should
think that if any debris leaked out, tﬁe dirtier it was, the clearer

the Indian message would be."

~

Dr. Gopal also claimed that Prime Minister ‘Shastri had in late
1964 authorized Dr. Bhabha to develop the necessary technology for an
Indian nuclear device, in order that this could be done expeditiously ¢

if and when a favorable political decision were made to go ahead.

Shastri's order was an answer to Chinese hostility and was given added
impetus by the partial withdrawal of American military aid in 1965. Gopal
claimed that Bhabha had reduced the required 18 months lead time to

six months. This probably meant that Bhabha had government approval for

work on bomb design and its nonnuclear components. (
Dr. Gopal's views about peaceful explosives and those of the other

strong advocates in the Ministry of External Affairs for Indian nuclea?

weapons were reported to the American Embassy, with the suggestion

that the report be forwarded to the Canadians for clarification and

action. The Embassy doubted that Dr. Gopal w;s a spokesman for the

government of India in nuclear matters, but believed that nevertheless

the matter bore watching. Of more interest to the Embassy was the

report that the Indians might use plutonium from the Canadian reactor

for their first nuclear explosive. The Embassy had been informed by

o~

an officer of the Canadian High Commission that in view of the agreements

covering the CIRUS, Tarapur, and the First Rajasthan Reactor, the Indians

*Ibid.
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unanimously abjured the thought of India's breaking infernational agree~
ments to obtain the plutonium. On the other hand, they did plan to use

plutonium from the Indian-made Madras reactor. When informed that the

Madras reactor would not be operational for many years, these otherwise
well-informed persons appeared to be genuinely surpriséd.*

Perhaps the most interesting American reaction was the apparent
avkwardness felt about trying to inform our Canadian friends that théy
might have some misunderstanding with the Indians.* The High Commission
had previously informed the Embassy that Canadian officials had had mo
occasion to discqss with the government of India the particular question
of whether or not an Indian peaceful nuclear explosion utilizing plutonium
from the CIRUS reactor would be a violation of the peaceful uses agree-
ment, because the Indians had never raised this subject with the Canadian
government. Under the circumstances therefore it was conceivable that
Dr. Gopal and other members of the Indian government might be inter-
preting Canadian silence on this issue as tacit acquiescence. But the
Canadians plainly regarded this misinterpretation as rather farfetched.
Still the possibility raised a very delicate question about how to
suggest to the Canadians that they might indicate to the Indians on
their own initiative that the government of Canada would consider any
Indian initiative to use plutonium from the CIRUS for a "peaceful nuc-
lear explosive" as being inconsistent with the Canadian Indian Agreement.
The Embassy finally decided to suggest that perhaps the best method
would be to raise the subject in a general way with the Canadian govern-

ment to see if the Canadians might believe there was a reasonable chance

*See Addendum G
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that the government of India might be misinterpreting Canadian silence
on this subject.* All very discreet.

After a considerable amount of delicate pulling and gingerly
hauling, and some four months later, apparently somgthing was done.
Spurred perhaps by the Chinese missile test, the U;S. did approach
the Canadians and finally it came to the point th;t on August 24, 1966,
General E.L.M. Burns rose on the floor of the Paléis des Nations, Geneva,
to give a speech on proliferation and the Non—Proliferation Treaty (NPT)
to the Eighteen Nation Disarmament Committee. His reference to nuclear
explosives consisted of the following statement, buried in a nine page
long speech, at a meeting dominated by some polemic of the representative
from Poland against U.S.'actio;s in Vietnam.

In our view the development by a non-nuclear weapon state of

TrToTtmToTmooeohe Capacity to conduct a nuclear explosion even though it

is designed for peaceful purposes would in effect constitute
proliferation, and proliferation is a development ta which
the Canadian government has repeatedly declared its opposition.**
General Burns's mention of the Canadian view of peaceful nuclear
explosives was not only made in passing, but was quite general. He
did not refer to Indian or Canadian Bilateral Agreements with any country.
He was simply making a comment on a future provision of the Non-Proli-
feration Treaty and he tied it to a similar abstract statement by Adrian

Fisher of the U.S. delegation which also referred--not to any U.S.

Bilateral Agreement--but to the NPT.

* Albert Wohlstetter reported the substance of his interviews to the
Embassy in New Delhi several times in April 1966. '

**Typescript sent to the author by General Burns, ENDC/PV.285.
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The Indians of course were not likely to sign and ratify the NPT,

. and the careful, continuing neglect of PNEs in the bilateral arrange-

ments was only one more inducement for the Indians to resist membership
in the NPT, which was about to ban PNEs for non-weapon states.

The message to the Indians, if it got through at all, had an oper-
ational conteﬁt opposed to its apparent meaning. The operational content
was: If you want to explode a PNE, don't join the NPT. But the message
in any case was buried in a great deal of ex&rhneous sentiment.

Did the Indians hear the signal at all? It is not clear. At
any rate they were not heard from. Canada apparently took some comfort
in Indian silence in response to this and later communications. The
path of deve{gpment of this exchange of non-communications described
a nice parabola, beginning in 1966 with the High Commissioner's doubt
that the Indians could possibly take Canada's silence as acquiescence
and ending in érterminal point in the early 1970s with the Canadians
taking the Indian silence as acquiescence.

For anyone listening, there were many other signals, some of them

. explosively loud from the conservative Hindu Jan Sangh party and the

two outright Socialist parties,* but very few from the government of

India itself. (Canadian clarity was increasing steadily from 1966 on.)

* The Samyutka Socialist Party (SSP) and the Praja Socialist Party (PSP).
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In October 1966, India's representative to the United Nations' First

Committee, Mr. Trivedi, protested against any attempt to prevent the develop-

ment of nuclear explosives in the less advantaged nations. "..it had never

befure been suggested that there should be non-proliferation in science and

technology;. Technology in itsélf was not evil"* A few days later, he took

an even bolder stand, justifying not only fission but also "controlled fusion

explosions".**

The non-nuclear-weapon Powers were irrevocably opposed to the
proliferation of nuclear weapons. Such proliferation had, however,
no practical connexion with the possible future use of nuclear fusion
for the building of canals, dams or harbours...

What was important was the question of principle; was it desirable,
or morally defensible, to deny the benefits of the peaceful uses of
atomic energy to other nations, particularly to the developing nations?
The first impact of that question was whether countries should be
allowed to develop their own techniques of controlled fusion for
peaceful purposes; no developing country could accept a prohibition

Source: http://www.glbertwohlstetter.com

of such activity. Controlled fusion explosions must be adequately
safeguarded, in keeping with the principle that atomic energy must

be used exclusively for peaceful purposes. The Latin American States
had suggested a system which would prevent any abuse of such peaceful
undertakings; it was outlined in article 13 of the proposals for a
treaty on the denuclearization of Latin America contained in the

Final Act of the third session of the Preparatory Commission for the -
Denuclearization of Latin America (A/6328 and Corr.l). India agreed
with the Latin American approach and believed that any State conducting
such an explosion should announce it beforehand, make known its precise
purpose and permit international observation and inspection.**

The 1970 program of the Department of Atomic Energy, mentioned earlier,

was also a'significant signal. Nuclear Engineering International has publi-

shed*** a useful summary of that "imaginative" forecast of accompliéhments

*

Statement of Trivedi, Oct. 31, 1966, First Committee Meeting, United _
Nations General Assembly Twenty-First Session, New York, United Nations,
1967.

%% Tbid, November 7, 1966.
*k*September 1971.
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for the. decade 1970—80. But even that magazine'srtraditional enthusiasm
for the developing countries' participation in nuclear power dims.a bit
when contemplating India's projecfs for advanced thermal.reactors and
thorium breeders. It mentions the enormous investments in skilled
manpower, tr#ining, research and develoﬁment, manufacturing facilities,
and the importation of foreign components required to establish an
independent nuclear technology. However, it makes no referencerto

the military implications of the program for plutonium production,

and no reference fo the ambitious space program, which Dr. Sarabhai
projected as follows:

Augmentation of the facilities for R and D at the space
science and technology centre to be able to build scien-
tific and communications satellites and to environmentally
test them; facilities at the Space Science and Technologi-
cal Centre for the development of inertial guidance systems
and on-board miniaturized computers; development at SSTC,
TIFR and ECIL and construction of high-performance missile-
tracking radars and PCM communication systems for installa-
tion at Shar and at Andamans in the Bay of Bengal for the
satellite programme; construction of a plant for manufacture
of large solid propellant blocks at Shar and a facility

for static testing of these propellant blocks on the ground
and under high altitude simulated conditions; completion

of a rocket fabrication facility at Trivandrum for manufac-
ture of large-scale rocket castings and hardware for

rocket motors including the development of special materials
for rocket motor systems; development of in-flight guidance
systems for rockets; development in 1973-74 of a "scout"-
type launcher of four stages, burning solid propellant,
capable of putting into orbit a satellite of about 40 kg
payload. This would be followed by development of more
advanced rocket systems capable of putting 1,200 kg pay
loads into synchronous orbits; fabrication of communication
satellites by 1975 capable of providing high quality point-
to-point service between metropolitan areas and direct
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broadcast of television; development of sensors and
techniques for remote sensing.*

Like the nuclear power program, the space program ﬁas.noﬁinally
civilian, but was capable.dﬁ having an obvious military -application
in developing ballistic missiles of short, intermediate and ldng iange.
The militaryraspect, of course, was clear to many'Indiéns, and caﬁsed
a furor of speculation in the press as to whether India hadrnow changed
her policy, because of two projects listed in the program: one the
development of the technology of underground nuclear explosions and
the other the development of gas centrifuge technology for the enrich-
ment of uranium-235 with the overt object of "reducing capital costs
in nuclear power production."#* Prime Minister Indira Gandhi and Dr.

Sarabhai felt obliged to go before the parliamentary consultative com-

o e e mm e e et S . ——— —

mittee for the Department of Atomic Energy and reaffirm the government's
commitment to a policy of "ﬁsing nuclear energy for peaceful purposés
only."*** Several members of the Consultative Committee had welcomed
the projects as steps on the way to Tadia's becoming a nuclear weapon
state. But whatever the label, and however distant the completion,

it was clear that both projects would be pursued with all deliberate

speed.

Source: h'ttp://www.qlbertwohlstetter.com

* Report of the Atomic Energy Department, 1967-70 (New Delhi: 1970).
Quoted by Wayne Wilcox in “Strategic Insurance for India,” Surviwval,
Volume XIV, Number 4, (July/August 1972), p. 179.

*% Prithvis Chakravarti, "PM Affirms Underground Test in Order," The
Hindustani Times Weekly, New Delhi, July 26, 1970.

***Ibid.
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_The military implications were not lost on the Canadians either.

In the winter of 1970-71 the program aroused speculation and accusations
in the Canadian press. On January 14, 1971, MP S. Perry Ryan rose on
the floor of the House of Commons to ask Mr. Mitchell Sharp, then Sec-
retary of State for External Affairs, "Is the minister in a position

to assure the House that India is not producing and has not produced

any weapon grade plutonium, Pu-239, since it was supplied with the
Canada-India reactor in 1960?"*

Mr. Sharp delayed his answer until January 20, for the very good,
if belated, reason that he "would like to find out exactly what this
product is before answering the question.'" Clearly there could not
héve been much interest in atomic energy questions. Agriculture, fisheries,
an oil pipeline, NATO and African affairs seem to dominate the debates
at this time, and Pu-239 was a technical mystery. On January 20 Mr. Ryan
rephrased his question in the form of requesting an assurance that
"India has not produced weapon-grade plutonium since the Canada-India
reactor was supplied in 1960?" The reply by Mr. Sharp (who meanwhile
had found out exactly what plutonium-239 is) assumes that such production
would be a violation of the 1956 agreement:

In the 1956 Canada-India agreement for the provision of

a nuclear research reactor the Indian government pledged

that the reactor and the products resulting from its use

would be used for peaceful purposes only. We have no

evidence to suggest that the Indian government is not
standing firm on the assurances it has given to Canada.

* Canada House of Commons Debates, 28th Parliament, Third Session (Ottawa:
Information Canada, 1971) Volume III, p. 2406.
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Mr. Ryan: Mr. Speaker, is the minister aware of the article
by John Gelluner in which he alleges that there is such a
_stockpile . . . : ‘

Mr. Speaker: Order, please.*

But order would not come.

Finally a formal announcement in September 1971 by the Chairman
of the India Atomic Energy Commission at the Fourth Atoms for Peace
Conference, that India had been working as a top priority in the field
of Nuclear Explosive Engineering for peaceful purposes,** elicitéd
a formal, direct response from Prime Minister Trudeau. He wrote to
Mrs. Gandhi on October 1, 1971:

You will remember in our talks (the previous January) I

referred to the serious concern of the Canadian government

regarding any further proliferation of nuclear explosive
devices, The position of my government on nuclear explo-

sions has been stated on a number of occasions and you will
no doubt be well aware of it. )

The use of Canadian supplied material, equipment and facilities
in India, that is, at CIRUS, at Rajasthan, or fissile material
from these reactors, for the development of a nuclear explo-
sive device would inevitably call on our part for a reassess-
ment  of our nuclear operation arrangements with India.

(Toronto Star, July 11, 1974)

Observe Mr. Trudeau referred explicitly to the CIRUS research reactor.
He was clear that the initial agreement of 1956 had never conteﬁplated
nuclear explosives under the rubric of "peaceful” actions. Clarifi-

cation of the Indian understanding on this point was neede& if the

* Ibid., p. 2587.

**R.V.R. Chandrasekhara Rao, "A View from India," Survival, (September/
October 1974), p. 210.
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- Canadians were going to continue to give extensive assistance to India

in the nuclear field. Mrs{ Gandhi replied:

The obligations undertaken by our two governments are mutual
and they cannot be unilaterally varied. In these circumstan~
ces, it should not be necessary, in our view, to interpret
these agreements in a particular way based on the development
of a hypothetical contingency. (Toronto Star, July 11, 1974)

Of course if obligations under the original CIRUS or any later agreements
were to be mutual, they had to be mutually understood in the same
"particular way." To avoid "unilateral variations," the two sides

would have to agree on one particular interpretation and that had better
be done moreover in advance of the problematic contingency.

But the contingency was still, as Mrs. Gandhi suggested, merely
"hypothetical." Apparently so farfatched that it was hardly worth
discussion.

The United States joined Canada in approaching India at this time.
As Myron Kratzer recently explained:

In November, 1970, following a number of public indications

that India would not regard development of a nuclear explo-

sive device as inconsistent with a peaceful uses undertaking,

an Aide-Memoire was provided to the Indian Atomic Energy

Commission which stated, among other things, that "the

United States would not consider the use of plutonium pro-

duced in CIRUS for peaceful nuclear explosives intended

for any purpose to be 'research into and the use of atomic

energy for peaceful purposes.''x

However, in subsequent discussions "Indian authorities made it clear

that they did not accept this interpretation of the 1956 contract.

*Letter to Mr. Benjamin Huberman, Director of Policy Evaluation; Nuclear
Regulatory Commission, from Myron B. Kratzer, Deputy Assistant Secretary,
Bureau of Oceans and International Environmental and Scientific Affairs,
Department of State, June 29, 1976. Hearings on S. 1439 by the JCAE,

op. cit., p. 18.
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u.s. éfficials concluded, at that time, that Indian officials appéared‘
to be saying that India might elect to manufacture or otherwise acquire,
nuclear explosive devices for peaceful purposeé in thé,long term."*'

As far as tﬁe United States}was conéerned,'that.is aﬁparentiy
wheré the matter ended, with resort as usual to the piea that the United
State; had no leverage in the matter. |

After the event Mrs. Gandhi's supporters, who often used thé
language of disarmament, argued indignantly: |

It simply is not enough for Canadians to talk the disarmament

language of the 1930s in the 1970s. Moreover, Indians

want to know if it is right for a rich country to seek

retroactive and unilateral interpretations of bilateral

atrangements.because of subsequent changes in policy.**
Unilateral and retroactiQe changes might be wicked even if made by a
___;m_,_"_-__poor_cnnntry. The rich Canadians however did not think that they-had

cﬁanged policy since 1956, only that they‘had‘made things more explicit.
And they had for many years before 1974 been saying that there was mno.
difference between "peaceful" nuclear explosives and the nuclear weapons
which civilian programs had been intended to head off. After the explo-
sion, Mrs. Ghandi with a practiced inmocence, herself inquired, "Would

they rather we exploded a nuclear weapon?'! ¥%*

* Ibid.

*%Ashok Kapur, "India's Nuclear Presence,” The World Today, November 1974.

*%%x"India is Angered by A-Test Critics." New York Times, May 26, 1974.
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THE INDIAN TEST OF MAY 18, 1974

When the Indians detonated their first nuclear device on May 18, 1974,
the code word flashed to the central government in New Delhi, "The Buddha

smiles." Brilliant illumination in the dark depths of therRajasthan desert

&

gave a blessing to Indian inventiveness and independence. This was a truly
Indian accomplishment--all materials and personnel used in the experiment
were Indian. As reported at Dr. Sethna's press conference:

India carried out an experiment of peaceful nuclear explosion at
5 minutes past 8 this morning in western India. The device was set
off at a depth of about 100 meters. The plutonium device that was
used for the explosion and the plutonium was Indian. The magnitude
of the explosion was between 10 and 15 kilotons. The chairman of the
Atomic Energy Commission, Mr. H. N. Sethna, told a press conference
in New Delhi this evening that the explosion was an experiment to study
the cratering and cracking effects on rocks. Not a single thing used
in it was foreign.

Mr. Sethna said at his press conference that the experiment carried
out today was successful. There was no release of radio activity to
speak of. After the device was set off a team of scientists made an
aerial survey within 30 minutes. Even at a height of 30 meters there
was no significant radio activity above the normal level. A certain
amount of sand came up as the wind was blowing southwest. It (the
sand) was chased by helicopter up to 40 kms but no radio activity was
detected...

Replying to questions by newsmen at Delhi Airport, where she had
gone to receive the Senegal president, Mrs. Gandhi said there is ,
nothing to get excited about the explosion. This is our normal research
and study. It is an important step for the development of science in
the country. Asked whether it will raise India's prestige, Mrs. Gandhi
replied that she has never bothered about prestige.¥

Source: http://www.albertwohlstetter.com

At the polls, 66 percent of the population voiced their approval.**An
Urdu poem celebrated "those who tore asunder the heart of the atom" and the

lady who gave the "go" signal for this "flower of peace": a "golden dawn"

* FBIS - 20 May 1974. Later explanations managed to produce a somewhat more
impressive list of uses and results, although Dr. Sethna indicated that
"the actual peaceful application of the Pokharan atomic explosion techno—
logy might take a decade or more" April 17, 1975, Hindustani Times.

** "Indians are Hawkish on A-Power". Philadelphia Inquirer, 31 July, 1974, p.6D
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signaling the end of grinding poverty.* (Our own first Trinity test had in-
spired a similar lyricism in a War Department press release, and led Robert
Oppenheimer to recall fragments of the Gita.)

An awesome stillness fills the air

A fearful tremor shakes the earth's core
And the rays of the sun go in a mad dance
The word of Truth

Becomes a thunderous echo,

From across the desert wastes the breezes waft glad tidings
Of the birth of a new age;

Of the blossoming of a new flower, the flower of peace
And then carries its fragrance to distant lands.

The dismal darkness of grinding poverty
Gives way to a golden dawn

Of new hopes and triumphal rejoicings.
Though after every night comes the mom
This day is like no other day before.

Those who burnt the midaight oil and sweated blood
cemevomem—m—o—YWho-gave the light of their eyes to make a brighter day
Those who tore asunder the heart of the atom

To achieve this final victory

And to her who gave the first signal
To all of then,

Felicitation and salutation.

The lovely dream that Jawahar once dreamt

Has 1it the gardens of our native land.

Go spread the news to all our neighbours

Tell them it is springtime, the season of friendship and amity
Tell them to banish fear and hatred from their hearts

For life hath no meaning without love and charity.

by Sikander Ali Waja
Translated from the Urdu by Khushwant Singh

Source: http://www.qlbertwohlstetter.com

Elsewhere there was not exactly the same sort of rejoicing. Pakistan as

might be expected, reacted with sharp disapproval. That country had attempted

*The Illustrated Weekly of India, July 14, 1974.
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to slow the Indian nuclear program during the conflict with India in 1965

by stealing a 1a:geAnumber of parts destined for the Tarapur reactor.#*

Prime Minister Bhutto, long an advocate of a nuclear weapons program for
Pakistan, called the Indian explosion a "fateful deéigpment", that iﬁtro-
duced a "qualitative change in the Telation between the two countries."#*
He vowed that Pakistan would be "no victim of ﬁucle;r blackmail", and his
chief of étaff, Tika Kahn, threatened that if India were to develop a
nuclear arsenal, "we ﬁill have to beg or borrow to develop our own nuclear
capability."***

India's other immediate neighbors were rather more reserved. The
Bangladesh Government accepted'Mrs. Gandhi's assurances on peaceful purposes
but added that "any advance into nuclear weapons would be a different

story."***%* Nepal's representative to the United Nations was quoted as

Source: http://www.albertwohlstetter.com

saying, "Nepal is of course against all forms of proliferation and is

' =~
against nationally conducted explosions." Ceylon proposed in the United
Nations that "the countries of the region commit themselves to a policy of

denuclearisation which would entail the permanent renunciation by them of

a nuclear weapon option."++

* International Agreements for Cooperation ~ 1966. Hearings before the
Subcommittee on Agreements for Cooperation of the Joint Committee on
Atomic Energy, May 26, 1966. USGPO, 1966, p. 45

** The Times of India, May 23, 1974, and Karachi Overseas Service, 5/19/74.
*** Kahyan International, March 7, 1975.

**%%Bangladesh Observer, May 20, 1974

+ November 11, 1974, A/C1l/ PV 2016, U.N. General Assembly, New York.
++ Ibid. PV 2015.
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At a greater distance, Japan condemned the explosion as "breaking a
taboo''; South Korea was noncommittal, but a South Korean delegation visit-

ing the U.S. in June professed that "we are capable of developing nuclear

‘weapons whenever we want to"*, and stressed that there would be no other

opéion if the U.S. abandons Korea. Australia responded somewhat more fav-
orably, “For the time being we must take at face value India's protestations
that it is interested only in acquiring a nuclear exﬁertise for peaceful
purposes, not in acquiring a nuclear arsgﬁal."** André Giraud, Chairman
of the Frenéh Atomic Energy Commission, sent congratulations to India'’s
scientists (although he has since had second thoughts), while the Soviet
Union uttered some words of mild approval for a techgological advance.
Canada's reaction was understandably the most severe, since she had
been a brincipal supporter of India's nuclear program and a recipient of
assurances that plutonium from the CIRUS reactor would not be used in a
nuclear exélosiva. On May 19, 1974, Mr. Michell Sharp, then Minister for
External Affairs, once again made clear that Canada saw no distinction be-
tween the development of nuclear explosions for "so-called peaceful pur-
poses"” and explosions for military purposes, and a few days later announced
that Canada was discontinuing its program of nuclear collaboration with
India, pending the out;ome of discussions aimed at bringing such collabor-
ation under'more stringent safeguards. Thése negotiations failed, and on

May 18, 1976, Canada formally terminated cooperation with India in the

nuclear field.

* PBIS, 16 June 1974
#* The Australian, May 1974
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The first reactions, then, covered a wide range. Tﬁe innocentrIndlan
claim that their nuclear explosion was a contribution to peace stimulated
immediate forebodings among countries in the reglon, including potential
Oadversaries, with 1ndicat10ns that some might follow in Indra s footsteps.
Remoter countries suggested that they might not respond as a counter to

the Indian program, but in imltation of it for their own self—defense, if
alliance protection were to weaken. Supplier countries had a very'mixed
reaction, varying from the nostalgic Gaullist response by the head of the
French atomic energy program congratulating the Indians on their technical
feat and the expedient reection of the Russians, to the shock of the Cana-
dians —- all of this immediately. But with time the significance became
more apparent. It was the first brazen use of a civilian program to achieve
the most important military application, namely nuclear explosives, cieerly‘
violating the common sense meaning ot agreements and presenting an obvious
danger to the intent of all such agreements, especially if the explosion
were ignored, condoned or apologised for. It was a demonstration of the

Tt g
vulnerability of all agreements fox;1 viliah use only of nuclear energy, o

/[lwww.albertwohlstetter.com

if the other parties to the agreement did not act forthrightly so as to
exclude or penalize civilian programs which also had an obvious, essentially
military use.

AMERICAN REACTIONS

Source: http

In the United States at first shock combined with cynicisn about
India’s peaceful intent. But officially the United States government
tended to let it rest as a matter between India andCanada and their

specific contractual arrangement. U.S. involvement, it was said,

applied only to the Tarapur Power Station—-an interpretation that coincided
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happily with India's. U.S. heavy water provided for the CIRUS reactor

ewas not mentioned except by'the Canadians, and that with restraint.
' India announced that the Bilateral Agreement with Canada on the CIRUS

'reaetor terminated with the first load of Indian rather than Canadian

fuel. Indeed any attempt to define Indian behavior as in violation of

any agreement, American, Canadian, or IAEA, net with the same legalisms

: L
and futsy talk that h;% characterized the history of our relations with

that country. Indian bickering and redefinitions have left their mark

.on many negotiations and institutions involv1ug atomic energy, including
tﬁose, iike the NPT, to which India is not a party. The long history

of negotiatiOnsyffft as heritage a cloud of ambiguities and quibbles thick
eneugh to shroud any response eXcept the most determined.

Nevertheless, the shock expressed in Congress intimated to the

State Department and to the AEC early in the summer of 1974 that it might

be translated into some sort of sanction against India. It became important

Source: http://www.albertwohlstetter.com

from a purely defensive standpoint for the bureaucracy to establish the
claim of India that only Indian materials had been used in making the
explosive device, since this would ward off the pressure for Congressional
investigations and possibly for sanctiomns, all of which would exacerbate
our recently troubled relatioms with.that country. Canada had reacted
immediately by suspending nuclear assistance toward completion of the

Rapp II reactor at Rajasthan. Members of Congress were wondering privately

and publicly about one obvious course for the United States--a cutoff

of fuel reloads for the Tarapur Station. This sort of sanction had always
been mentioned in the past as the natural first result of any violation
of an Agreement for Cooperation with the U.S., short of the more severe

sanction of withdrawing material and equipment.*

* See for example International Agreements for Cooperation, op.cit.

pp. 131-2. Mr. A. A. Wells in answer to Representative Hosmer's ques-
tion, "What is our recourse in the event we discover a violation...of

a bilateral agreement?" "One of the first things that we would do, it
seems to me, would be to recall the material...the main reliance would
be to declare the agreement null and void and ask the country to return
the material...it would bring down on them some very dire comsequences."”
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'It was natural, for example, éhat the House Committee on

Appropriations for FY 1975 should be concerned.
.Representative Clarence Long of Maryland on June 3, 1974, inquired of
Seéretary Kissinger whether the Indian explosion would affect our $75 tdllion
program of assistance té India, and if so, how. The Secretafy replied ﬁhat
we had redffirmed our basic opposition to nuclear_proliferation but had net
‘changed our "basic position on aid to India." Our positibn at the Indian
aid consortium meeting in Paris in June would depend... It would depend
on the "progress of our discussions with the Indiaps".f In addition the
Secreiary recited Article IV of the Non Proliferation Treaty, pledging the
fullest possible exchange of technology and equipment for the development
of peaceful uses of atomic energy with due consideration for the needs of
the developing areas of the world. He implied, in short, that the Indian
eeeiveeeeo_._@xplosion was not likely to hinder continuation of our nuclear aid to India.

Répresentative Long, however, returned with greater'insistence to his
questions on June 11, when Daniel Parker, the Administrator for AID, appeared
to testify. Representative Long first wanted to know why the Indians had
chosen nuclear power. "They are capital-intensive sophisticéted install-
ations, and I wonder why a very poor country, one of the poorest on the
earth per capita, has to go in for this kind of thing instead of some of
these traditional power plants."**In answer, Mr., Parker referred to the

Burns and Roe report which we discussed earlier. His analysis is as follows:

* U.S. Congress, House of Representatives, Committee on Appropriations,
Hearings on Foreign Assistance FY 1975, June 3, 1974. USGPO, 1974. p.57.

** U.S. Congress, House of Representatives, Committee on Appropriations,
Hearing on Economic, Security Supporting, and Indochina Postwar Recon-

struction’ Assistance and the Middle East Special Requirements Fund.
June 11, 1974. USGPO, 1974, p. 320
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Economic Analysis: Nuclear Power Development Versus Hydroelectric
or Thermal Power Development in India

The Tarapur proposal was the result of about 4 years of intensive
study on the part of the Indians, culminating in the conclusion that
atomic power generation should be developed to.. lessen dependence
upon high-cost fossil fuels. Tarapur, which serves the Bombay-
Ahmedabad region, is in a high-cost fuel area. Known reserves of oil
and gas for power generation are limited; and coal reserves, although
apparently in abundance in India, are not located in.the proximity
of Tarapur. The nearest coalfield is about 500 to 600 miles away,
making coal as an energy source for these Indian states a highly
costly commodity.

An economic appraisal of the project conducted by Burns & Roe, Inc.
consulting engineers retained by AID, indicated that a nuclear plant
would be competitive with a conventional power station serving the
same area. While the nuclear station would involve a larger initial
capital investment than a conventional thermal station, the study
showed that costs for fuel, operation and maintenance would be lower--
$8 million per year for nuclear power versus $13.8 million for a coal
plant and $10.9 million for an oil plant. In addition, the annual
foreign exchange outlay for imported fuel would be about $4 million
less for a nuclear plant than for an oil-tired thermal plant. The
economic analysis also showed that the costs of-operation and rates
to be charged for power sales would be reasonable. Estimated sales
at such rates' would yield sufficient revenues to cover all operating
and maintenance expenses, and amortization and interest costs, and
to earn a profit.

Prospects for constructing a hydroelectric plant in lieu of an
atomic powerplant were also studied and dropped because the main
hydroelectric resources in the area were already being put to use,
and any unexploited hydro potential could not be engineered and
completed in time to meet the power requirements of the area. As
noted above, the limited amount of gas produced in the area, all of
which was destined for existing power stations, fertilizer plants,
and industrial establishments, made consideration of a gas-burning
plant an impractical alternative,

By the 1960's when the Tarapur project was developed, India had
already attained a high degree of nuclear technology. It had a.trained
staff of about 1,400 Indian scientists and engineers, and three ex-
perimental nuclear reactors in operation--two built with Canadian
assistance and one of Indian design and manufacture. Given these
considerations and the fact that atomic power even in this country
was considered a necessary supplement to power from conventional
sources, financing for the Tarapur project was approved.*

*Ibid, p. 320
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(Witness the devaétating analysis by Dr. William Hoehn cited

« Moreover history has been unkind to it. The supposedly
plentiful supply of native nuclear engineers and scientists has produced

a sad record of maintenance at India's nuclear facilities. Nonetheless
the Burns & Roe report of 1963 remained the undisputed authority in 1974,

Representative Long also wanted some technical information on the
amount of plutonium produced in the Tarapur reactor each year. The answer
was provided by the international division of the Atomic Energy Commission.

The- Tarapur nuclear power station (two reactors), produces plu-
tonium at the rate of approximately 120 kg. per year, depending upon
the degree of operation. While the plutonium produced by these
reactors could be used in an efficient*and unsophisticated explosive
program, according to tlie Atomic Energy Commission, it is not optimum
material for explosive uses because of §he high percent content of
the nonfissionable plutonium isotope Pu 40 This content is typical
of the plutonium produced in power reactors. However, our safeguard
agreement with the Indian Government precludes even such theoretical
use of the plutonium produced.**

Plutonium 240 is of course fissionable, and though not as readily
fissionable as Pu239 or Pu24l, it is fissionable in the bomb. What is
troublesome is its high rate of spontaneous fission, but that does not
prevent it from being usable in a primitive implosion device, (ike our
Trinity or Nagasaki bomb), With. formidable military utility.

The answer given by Mr. Parker is one of a series of excessively

reassuring government answers on the use of power reactor plutonium ——

a sequence which seems finally to have been terminated in November 1976.

* sic. The original answer supplied by Mr. R, Willet, now of Nelson
Sievering's shop in ERDA, said "inefficient". AID open file on Tarapur.

** House Committee Appropriations, June 11, 1974, op.cit. p.321.
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We now make unambiguously clear that power reéctor plutonium can be uged
in a nuclear explosive of no great sophistication, and that it will
nevertheless reliably yield a kiloton or so, and probably much more. 1In
Juné of 1974 this danger was muffled and then forgotten in a discussion
about safeguards against diversion of plutonium fFOm the Tarapur.

Mr. Parker spoke on his own about why the safeguards would be adequate
and once again was excessively reassuring. "i believe,”" he said, "that
there is provided both direct supervision as well as the calculated know-
ledge on the assumption of what plutonium would be produced as a conse—
quence of the peaceful uses with utilization of nuclear materials. This

must reconcile with the accounting which is given for the handling of it.’

I believe it is required to be returned to the United States.'*

1t might have been required, but unfortunately is not. According
to our Agreement for ‘Cooperation, title to the plutonium resides in the
recipient of enriched uranium fuel. When the Indians first negotiated

and again in 1973,
the agreement,/they suggested returning the spent fuel in a buy-back arrange-
ment. The United States declined for two reasons: 1) they didn't need
it, and it would be an expemse to buy it back, and 2) if the safeguards

arrangement negotiated eventually required U.S. inspection to satisfy

Indian demands for "equality", then that might lead to inspection of our

Source: http://www.albertwohlstetter.com

*Ibid. p.322. Italics added
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plants producing plutonium for weapons purposes, and that would be unaccept-
able to our Defense Department.*

Congressﬁan Long also wanted to know about India's intent to develop
nuclear explosives; - "When was the date India announced or implied that

it would develop nuclear explosive devices?"** The information follows.

* See page(%@j}f this chapter, and see also the memorandum of April 12, $K;i
1963, to N.D. Bengelsdorf, from N. Stetson, op.cit., "...problems of j’77f;
classification and security exist...I assume that the AEC is not obli-
gated to process fuel or purchase plutonium. If this is the case, the
AEC could refuse to accept fuel from Tarapur and thus avoid having the
AEC facilities involved."; or the memorandum to A. A. Wells, Director
Division of International Affairs, from Paul C. Fine, Division of Oper~
ations Analysis and Forecasting, on the same subject on the same date:
"...I believe that it is no longer desirable for the United States to
purchase plutonium from foreign countries,” or to Mr. Wells on April
15, 1963, from R. Carson Dalzell, Assistant Director for Foreign Acti-
vities, DRD: "Plutonium returned from foreign sources might be an
important part of ‘civilian power plutonium' in the U.S. in a few years.
Unless the Commission assures DRD of a continued supply of unclassified
= -------—~domestic plutonium, it would appear possible that we would have to use
the imported plutonium in the AEC experimental reactor program.

Pre imported plutonium is under safeguards control, and if present pro-
cedures are applied, our experimental flexibility would be impaired.
It would be necessary for us to secure foreign approval for design
changes and program changes. We consider this objectionable and we
wish the Commission to consider this possibility in evaluating the
pros and cons of the action recommended in your staff paper."

**Ibid., House Committee on Appropriations Hearing on Economic Security
Supporting, op.cit., June 11, 1974, p.326,

Source: http://www.albertwohlstetter.com
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Indian Intention to Develop Peaceful Nuclear Explosion

India, for a number of years, has talked about the possibility of
exploring the technology of peaceful nuclear explosions. One of the
earliest official statements in this regard was made on August 2, 1972,
when Mrs. Gandhi, in reply to a parliamentary question on whether
the government was looking into the feasibility of underground
nuclear explosions for minerals extraction, said that '"the Atomic
Energy Commission is studying situations under which peaceful
nuclear explosions carried out underground can be of economic
benefit to India without causing environmental hazards." In a
later statement to Parliament on November 15, 1973, however, Mrs.
Gandhi denied that any final decision had been taken to conduct
experiments to develop nuclear blast technology for peaceful purposes.

Mr. Long. Didn't India make an announcement which presented us
with a fait accompli? :

Mr. Parker. That is my understanding?

Mr. Long. That is the first we heard of it. Was there any other

indication before that? If you find any, please put that in the record.
[The information follows:)

U.S. Knowledge of Indian Nuclear Test
The United States had no prior knowledge that India was planning

to explode a nuclear test device, nor were we informed beforehand

‘that such a test was about to take place.*

As in all cases of surprise, our intelligence sources did not pick up
a message announcing the precise date of the explosion. But a Congressman
would have to be naive in the extreme to accept this as an explanation for
the surprise. Our problem was not so much a lack of knowledge as it was
a lack of clear policy for doing anything about it, in case an explosion
occurred. A second Indian explosion in the year following might have found
us no better prepared to respond. Indeed, two years later the State Depart-

nent was still defending shipments of fuel to Tarapur on the giounds that

the U.S. must be a reliable supplier. In June of 1974, however, the supply

apparently continued automatically.

* Ibid, p.236
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Our Agreement for COOpgration with India had been implemented 8o
as to provide regular shipments of enriched uranium fuel to the Tafapur o
reactors?§TMe consignment immediately following the Indian explosion ‘///
was for the period, June 15, 1974, to April 1, 1975, to be delivered in
five separate shipmeﬁts. Consequently, arrangeménts had been made before
the Indian test for shipping the first portion on. or about June 15.
The communications between Dr. Sethna, Chairman of the Indian AEC, and
Dr. Dixy Lee Ray, Chairman of the U.S. AEC, indicate that the scheduled
date for shipping was June 17, and apparently the shipment went out at
about that time, despite some AEC and Congressional hesitations. For
in any bureaucracy, when provision is made for certain procedures, they
will be taken automatically, unless an emergency has happened of truly
awesome dimensions, breaking down communications, the offices and the
officers themselves. -
In the case of Ehe Indian explosion, which would seem a crucial,
even if not an awesome, event, the bureaucracy was reinforced by a message
recorded on June 12 from the "White House in Salzburg"*gaat the Tarapur w
shipment should not be held up for "political reasons"; on the other.

hand, if there were '"technical problems with the safeguards,”" the shipment

Vl*Secretary Kissinger
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might-be held up.* India has a rich history of technidal violétions,
particularly iﬁ the area of reporting the receipt of #peéialrnuciear
maietial,'but the unclassified record does not‘show'ény technical safe~
guard problems in June of 1974. .

The message from Salzburg distinguished "political" from “technical"
reasons, but did not explain that distinction. "Tgchnical" sometimes
means the same as "minor," as in techmnicality"--which me;nihg would have
suggested holding up the shipments only for trivial reasons. While on
the face of it that might seem odd, it is not entirely so, since a holdup
pfemised on minor technicalities could be quickly reversed. On the other
hand "political" reasons would be deeper, more comprehensive and rather
more vague, and the determination of adequate political reasons surely
seemea out of the hands of the Atomic Energy ‘Commission, and possibly
‘rested only in Salzburg. Moreover, the message h&d said "technical
problems with the saféguards." The explosion had been made with material
produced in the CIRUS research reactor which was moderatad with U.S.
heavy water, and the heavy water was under a peaceful use constraint.
However, the United States relied on the good faith of the Indians in
living up to that constraint. There wefe no safeguafdé on the heavy
water in the CIRUS reactor, and even if there were, the message from

Salzburg was that the only reason delaying the reload would be a tech-

*Memo of Dixon B. Hoyle to A.S. Friedman, June 12, 1974. Mr. Hoyle was
Assistant Director for Supply and Market Policy, Division of Inter-
national Programs; Mr. Friédman was then Director of Intermational
Programs (DIP) of the AEC, now ERDA. See Appendix F.
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nical one connected with the safeguards on Tarapur. The Indian nuclear

exnldsion could not possibly be connected with safeguards of any sort,

much less those at Tarapur. So what the message implied was: do not

hold up the reléad because of the nuclear explosion.

Perhaps the most important decision implicit in this message from
the Salzburg White House was to separate entirely the violation in
CIRUS from the question of continued nuclear assistance at Tarapur.
This contrasted in principle with the Canadian reaction to the explosion
which clearly recognized the relevance of India's violation of the
agreement on CIRUS to the question of Canadian assistance on the heavy
water power reactors'at Rajastpan, in particular the construction of
RAPP IT which was unfinished.

The U,S. decision to play our response in a low key was reflected

in the Department of State press guidance. The two sentence suggestion
made no reference to the Indian explosion, to the CIRUS, to our heavy

water or to our continued cooperation at Tarapur. It merely expressed our

exemplary sentiments about nuclear proliferation: "The United States
has always been against nuclear proliferation for the adverse impact

it will have on world stability. That remains our position." Secretary

Kissinger remarked in the same vein at his press conference of June 7,
1974,

I do not believe that the Indian nuclear explosion changes the
balance of. power, though if India had asked our advice we would
probably have not recommended it. But we do not believe it changes

the balance of power since its resources will be relatively limited.
Nevertheless, we are opposed to proliferation.

I have had to delay my trip to India not as a result of the nuclear
explosion but as a result of the extension of the Syrian-Israeli

disengagement talks; and I still plan to visit India in the rela-
tively near future.
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Low key diplomacy has its attractions. "Pas trop de z&le," Talleyrand
advised diplomats. But so muted a response could hardly have helped
;uster world opinion for even the mildest of sancﬁions.fof‘lndia's vio—-
lagiqn,of its peaceful use only constraint. And there ié no evidence
in the substantial files that have been released sincé'the‘eﬁplosibn
that our private representations to India were more severe,

In accordance with the Salzburg directive, on’ June 19 Dr. Ray sent.

a letter to Dr. Sethna to inform him that the first pért of the shipment
was on its way and to'request an assurance from the Indian governmerit—

prior to the date of the next scheduled shipment--'"(l) that the use in

or for any nuclear explosive device of any material or equipment subject
to United States Agreements for Cooperation in'CiviIVUses of Atomic
Energy is precluded; and (2) that under the safeguards agreements related
to such Agreements for Cooper;tion, the IAEA is responsible for verify-
ing, ‘inter alia, that the safeguarded material is not used in or for

any nuclear explosive device." (italics added)

The four other commissioners concurred. Commissioners Anders and Doub,
however, noted wistfully that they "would have preferred withholding
.[the] current initial shipment until ,[a] response from _[the] ‘Indians was
obtained." * '

Dr. Sethna's response came in due time. It was entirely‘in keeping
with the history of Indian resistance to safeguard;. On July 10, the
Indian Ambassador in Washington, Mr. Kaul, delivered to the State Pepart-
ment Dr. Sethna's regrets that the Government of India "is unable to share
the understanding of the United States Government." This understanding,
he believed, "does not flow from the Agreement for Cooperation between

the two Governments concerning the construction and operation of the Atomic

Power Station at Tarapur." The safeguards, he pointed out, are relevant

only insofar as they apply to the fuel, not to the facility, at Tarapur.

* Handwritten marginalia on the ERDA copy.
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Under Article VI, the parties to the Agreement have emphasized
their common interest in assuring that any material, equipment
or device made available to the Government of India for use in
the Tarapur Atomic Power Station, or in connection therewith,
pursuant to the Agreement shall be used solely for peaceful
purposes. However, the Government of India had emphasized
in this Article, in contrast to the position of the United
States, that its agreement to the provisions of Article VT
was accorded in consideration of the fact that the Tarapur
Atomic Power Station will be operatéd on no other special
nuclear material than that furnished by the United States
Government and special nuclear material produced therefrom.
The safeguards provisions of Article VI of the Agreement for
Cooperation were later on transferred under a Trilateral Agree-
ment &o the Intérnational Atomic Enérgy Agency.
He also drew attention in particular to Clause F of the Agreement with
the U.S., whereby the U.S. has the first option to purchase special
nuclear material produced in the Tarapur reactors which is "in excess
of the need of the Government of India for such material in its programme
for the peaceful uses of atomic energy . . . except a quantity which
could be required for recycling in the Tarapur Atomic Power Station as
provided under Clause A of Article II, the amount being arrived at after
an- AAAr .. .
mutual consultation."” With s-chutspa that only the Indians can manage,
he suggests that "in case the U.S. Government wishes to incorporate
changes in the existing Agreement, that we meet and discuss this matter?"
In the meantime, Secretary of State Kissinger had returned from
Austria, and sensitive to the alarms in Congress, inquired himself of
the Indian Ambassador in early July as to whether or not only Indian
material or equipment had been used in or for the nuclear explosion.
He received a reply on July 6 from Mr. Kaul that "The Indian Government

used only '100% Indian material, Indian personnel and Indian technology'

for the nuclear explosive device detonated on May 18, 1974.
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At a dinner party on July 15, the Ihdian Ambassador and Dr. Kissinger

- apparently pursued the subject again. Their conversation resulted in a

letter from the Indian Ambassador on July 18 enclésing a copy of Dbr.
Sethna's July 10 letter and repeating the assurance that Indi# had not
violated any of the provisions of its Tarapur~Agreement‘with the United
States and that it intendéd to abide by that agre;ment. He is worried
about India recéiving the "material" without delay and claims that because
of the delay “the plant has had to be temporarily closed." If the
Ambassador was referring to the next fuel shipment, it would be charitable
to suppose that he was misinformed. An Indian inventory completed i; March
of 1976 showed a sﬁpply of enriched uranium of at leasttwo years on hand,
which would mean that we woulé have had to step up our shipments after the
explosion rather than delaying any of them. However, it is possible that b&

"material" he meant the replacement of "four nuclear sensors," which were

being delayed prior to a clear understanding with the Indians.
So Chairman Ray tried once more to get an unambiguous statement
from the Indians. But this time she sent a draft of a letter for Dr.

Sethna's approval, to maintain written record of Inidan cooperativeness.

A
'

She wrote:
DRAFT (no date)

Dear Dr. Sethna:
Thank you for your letter of July 10 responding to mine of June 19

concerning shipments of enriched uranium fuel and other materials to
the Tarapur atomic power station.
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Your response leads us to believe that we may not have made sufficieantly
clear the nature of the assurance we need. What we ask is simply written
assurance from your government that the special nuclear material that has
been or is hereafter made available for, or used or produced in, the
Tarapur atomic power station will be devoted exclusively to the needs

of that station or other agreed purposes that do not include use in a
nuclear explosive device.

We look forward to hearing from you on this in order that we may promptly
proceed with further shipments.

Sincerely,

Dixy Lee Ray

The Indian Embassy got around té'delivering»a re§ct10n to this draft
on August 27. They said they woula like to drop the phrase “purposes
that do not include use in a nuclear explosive device."

The State Department obligingly suggested another wording (approved
informally by the National Security Council) that made no mention of a
nuclear explosive, but referred instead to "other purposes which will
be mutually égreed by the two governments.” That would seem a vague
enough statement for the peaceful government of India to sign. But
it took still more time to reach agreement.

Along about September 10, or perhaps earlier, the Indians approved
a statement that the special nuclear material would be devoted exclusively
to the needs of the Tarapur station “unless the two Governments here-
after specifically agree that such material be used for other purposes."

This incident is typical of Indian behavior, trying to be legally

correct in manufacturing their next nuclear explosive, and still going
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along with the U.S. government enough to ensure that India gets its
enriched uranium, That intention is perfectly clear in the refusal

not only to sign a letter that refers specifically to a nuclear explo-
sive device, but also the refusal to sign a letter referring to "mutually
agreed purposes.” That would imply that the government of India-currently
agrees.with the U.S. government and it does not. That is why the final
wording refers to an agreement that will have to be worked out im the
future (hereafter) and therefore leaves intact the Indian understanding
of their current Agreement for Cooperation with the U.S.

For the record, however, in public the exchange of letters officially
took place in Vienna. On September 16 Dr. Ray handed a letter to Dr.
Sethna, while they were both attending the IAEA General Conference,
and on September 17 Dr. Sethna handed in his reply.* Dr. Kissinger
pronounced the final benediction on the Indian explosion by annouﬁcing
in his speech in New Delhi on October 28 of that year, "We take seriously

India's affirmation that it has no intent to develop nuclear explosives.**

And there the matter would have rested, had it not been for the persistent

pressure of certain members of Congress.

In the past the Joint Atomic Energy Commissipn had tended to dominate
Congressional discussion of nuclear matters, and in the earlier, more
carefree period before the Indian explosion, had been a principal sponsor
of the propagation of nuclear exports, with a steadily weakening interest

in control. Indeed, a former Executive Director of the JAEC staff,

*See Addendum F for this series of exchanges.

**New York Times, October 29, v

0\’\“\
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James T. Ramey, became a Commigsioner of the Atomic Energy Commission
and in his role as a Commissioner had been a princiéal sponsor.of the
Indian program.

After the Indian explosion, concern about the déngers it éymbolized
stimulated a much wider questioning, engaging thg interests and energy
of other Committees in both the Senate and the House: for example,
the House International Relations Committee, the House Committee on
Interstate and Foreign Commerce, the House Committeé on Appropriations, the
House Committee on Interior and Insular Affairs, the Senate Committees
on Government Operations, the Senate Committee on Foreign Relatioms,
the Senate Committee on Bankipg, Housing and Urban Affairs, etc. The
initial focus was domestic and centered on the possibilities of nuclear
terror, but there foilowed a deepening recognition of the problems in-
volved in the spfead of special nuclear material to non-weapon states.
This movement led ultimately to the demise of the Joint Atomic Energy
Committee and a division of its powers among a variety of House and
Senate Committees.

The Senate Committee on Government Operations, for example, ex-
hibited a continuing interest in the subject of proliferation, and
Senators Percy, Ribicoff and Glenn of that Committee introduced on

April 15, 1975, a bill, S$-1439, designed to reorganize U.S. nuclear

Source: http://www.albertwohlstetter.com

export procedures. The Committee held three days-of hearings in April
and May of 1975, which resulted in a new Committee print of S$-1439 on
January 8, 1976, followed by another set of hearings in January and

March, 1976. The question of continued U.S. nuclear cooperation with
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India after the Indian explosion naturally came up for reeiamination. 7
It is interesting that by March of 1976, Secretafj Ki&singer was under
the impfession that the United States had reacted quite vigogous}y

in denouncing the Indian bomb.

Senator Percy. What was the official U.S. reaction to
India's explosion? It would seem that theére was very little
comment on it. Was a private representation made to India?
Did Candda-carry the load on that?

Secretary Kissinger. WNo, we deplored it strongly, and
we have made clear to India that we saw no need for it.*

Nevertheless, Canada did continue to carry the load on India's
use of Canadian and American peaceful aid for the purpose, unenvisaged
at the time the aid began, of making a nuclear explosive. The State
Department position remained fhe same: - India had not violated an
agreement with the United States. The Secretary said, "We objected
strongly, but‘since there was no violation of U.S. agreements involved,
we had no specific leverage on which to bring our objectives to bear,"**

Senator Glenn pressed a bit férther, "Even though they did not
break the agreement with Canada per se, they certainly broke a moral
commitment that everybody thought they had to the world. And still
we are shipping them fuel, as I understand it "*##*

Moral commitments are often more honored in the breach tham in
the observance, but ‘there is a gray area in the definition of an
agreement between its obvious common sense meaning, whether or not

spelled out explicitly, and a loosely defined spirit of cooperation

that might go with it. Not just the spirit, but the common sense

* U.S. Senate, Hearing on S-1439, Export Reorganization Act of 1976,
Committee on Government Operations, March 9, 1976, USGPO, 1976,
p.- 793. 1Italics added.

*% Tbid.

*%xTbid., p. 795.
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meaning of any agreement to'limit cooperation excluéively to peaceful
applications would surely exclude-any application 'as directly usable
in war as a nuclear explosive. (The legislative history of the changes
in the Atomic Energy Act in 1954 and of the U.S. sponsorship of the
International Atomic Energy'Agency show clearly that Congress under-~
stood that our transfer of American nuclear techﬂology would be such
as to discourage the belligerent uses of nuclear energy, even though
we were propagating its civilian applications.)* But the Secretary
did not face even the more kindly suggesfion of Sen?tor Glenn that
the Indians had violated the spirit, and thus 325”53231 commitment. DK;
The Secretary did not talk about the spirit of CIRUS, only the letter
of Tarapur. And he did not télk about India's obligation to Canada
or to the world. He pointed out once again that the Indians had not
broken the letter of their Tarapur agreement with us.

"We have a nuclear fuel contract with India which howvever does

not contribute to their capability in the nuclear field."**

X

T

* See, for example, the questions of Senator Sparkman, at the
Senate Foreign Relations Hearings on the IAEA Statute May 1957,
USGPO, 1957.) Senator Sparkman asked, "Just what certainty is there
that a particular peacetime project might not have a future military
use as well as a peaceful one?" Secretary Dulles deferred to Chairman
Strauss but gave his "untutored impression that since the material
furnished will not itself be of weapon quality, and since the making,
converting of it into weapon quality or the extraction of weapons
quality material out of it as a byproduct would be an elaborate
and difficult and expensive operation, that could not accur without

the knowledge of the agency and that the violation would be detected,"
p. 14,

Source: http://www.albertwohlstetter.com

**U.S. Senate Hearing on S-1439, Export Reorganization Act of 1976,
op'cit°: P. 795. :
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Besides ignoring the fact that even at Tarapuf the spent fuel
contains plutonium and might therefore contribute to a military nuclear
program, Df. Kissinger's reply implicitly assumes:exactly the opposite
of what Senator Glenn assumed in asking his questioﬁ, namely that what
the Indians do in violation of the spirit or letter of their agreement
on CIRUS with Canada or on heavy water with the U.S. should affect our
continued cooperation on the Tarapur reactors. For Dr. Kissinger
these two matters are independent: the agreement on Tarapur is about
fuel for the Tarapur only and has nothing to do with the CIRUS.

There was a policy choice available to the United States and
Canada in-response to the Indian explosion. One course of action-—-
undertaken by Canada immediatély, and confirmed two years later, and
then extended to other countries--would be to premise further nuclear

cooperation with non-weapon states not merely on their literal fgl;

fillment of one specific contract or agreement or even their fulfill-
ment of all agreements with one's own government, but on their entire
nuclear program and on the question as to whether it was serving
exclusively peaceful aims or was advancing military ones also. The
Canadians stopped work under their agreement for the Rajasthan (RAPP II)
power reactor immedately after the Indians had exploded a nuclear de-

vice, even though it was plain that RAPP II had nothing directly to

Source: http://www.qlbertwohlstetter.com

do with that explosion. In May 1976 they refused finally to remew
cooperation with India, since India refused to abandon its nuclear

explosive program, but only to defer it until completion of RAPP II.
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Since then Canada has refuséd cooperation with 'such countries as
Pakistan, which have refused to disavow nuclear explosives.#

It is clear that the trend of Congressional questioning was
pressing in the direction of a course of action similar to Canéda's.
The State Department, however, chose a course of action justified
entirely in terms of our supposed legal obligation under our bilateral
agreement with India on Tarapur and under our trilateral one with India
and the IAEA. More disabling still, it suggested that if we withheld
one shipment. 6f fuel for the Tarapur we would be in violation of our
agreement with India, and that therefore the Indians would be free
legally to use the plutonium accumulated from all the fuel that had

passed through the Tarapur reactor up to then.**In short, in its brief

v meeee . fOX. _this shipment it ignored India's use of Canadian and American help

at CIRUS and implicitly suggested that the fault would be ours, not i

2

the Indians', if we didn't ship them more enriched uranium fuel. ,ﬁc C)#

& ~
~<_ -
Senator Ribicoff was not to be put off with this explanation.

7l
He returned to the connection between the U.S. agreements on CIRUS

and on Tarapur. ‘If the letter of the contractual arrangement for

Tarapur was so important, then what about the earlier contract be-

tween the U.S. and India on the sale of heavy water for CIRUS? The
Senator requested first of all "the specifications, and the agreement

and export documents, relating to the transfer to India of heavy water

that was subsequently used in the CIRUS research reactor.” ***The State

Department replied that ERDA had been able to locate only the "March

* The Energy Daily, Dec. 17, 1976, p.4. "Canada's Nuclear Export Stand
Toughest Yet."

** U.S. Senate Hearing on S-1439, Export Reorganization Act of 1976,
op.cit. p.856.

**x*Ibid. p.852.
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16, 1956 Agreement (Contract) itself. Since the transaction was
on a Government-to-Government basis,” Mr. McCloskey, the Assistant
Secretary for Congressional Relations, explained, "no export licenses
were involved. Normally, under these circumstanﬁes, a letter was pre~
pared advising the Collector of Customs at the port of export of this
fact; ERDA has not been able to furnish this document, however."*
Senator Ribicoff wanted to have also "a summary of the peaceful
or civil use understanding with India regarding utilization of the
heavy water, including any explicit or implicit reference to peaceful
nuclear explosions." Mr. McCloskey replied that the Agreement for the
sale of 21 short tons (42 thousand pounds) of heavy water "stipulated
that the heavy water was for use only in India by the Government of
India in connectionwith research 1n£o and the use of atomic energy
for peaceful purposes. It was further agreed that the heavy water
should be retained by the Government of India or by other pa¥ti§s
authorized to receive it, and should not be resold or otherwise dis-
tributed. There was no explicit or implicit reference to peaceful
nuclear explosions in this agreement."” It seems that "the concept
of a peaceful nuclear explosion had not been developed at that time.''*%
The Senator also wanted "a description of the circumstances

surrounding the U.S. supplied heavy water during and after the time

* Ibid., p. 852. The March 1956 Agreement is reprinted on pp. 857-859.

#%Tbid., p. 852.
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that the CIRUS reactor was used to produce the plutonium utilized in
the Indian explosion of 1974."* The State Department reﬁiied that no
U.S. heavy water was in the CIRUS by 1970 - an estimate that on examin-
ation was to prové incorrect. | |

The United States sold 21 short tons of heavy water to India
in 1956 under an Agreement which contained a "peaceful pur-
pose only" guarantee. This quantity of heavy water met the
moderating requirement of the CIRUS research reactor which
began operation in July 1960 and achieved full power opera-
tion in 1963. Energy Research and Development Administration
has indicated that heavy water degrades at a rate of about

10 percent per year which would indicate that, even without
deliberate substitution, the U.S.-supplied heavy water would
have been totally replaced by about 1970.

India has a small heavy water production plant operated in
conjunction with a fertilizer plant at Nangal. This plant,
which was built with German assistance, began operating in
1962, and has a capacity of 15 short tons of heavy water
per year. A heavy water reconcentration plant at Trombay
began operating in 1965 and is capable of upgrading heavy
water to 99.84 percent. Since the Nangal plant can produce
in about one and a half years the requirements of the CIRUS
reactor, it is believed that U.S.-origin heavy water was
replaced from this source. The existence of excess heavy
water in India during this period is borme out by the fact
that it leased ten tons to Belgium.**

To the Senator's question, "If India advised the United States that the
heavy water was not to be used, or was not in fact used, in the explosion
program, in What ways was this verified?" Mr. McCloskey referred to
Ambassador Kaul's statement of 1974 that "the Indian nuclear explosive had
been produced by using one hundred percent Indian material, technology

and personnel."##%%

* Ibid., p. 854.

% Tbid., pry”

#%%xIbid., p. 855.
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In the meantime, on March 2, 1976, some new faces had entered the picture.
The Natural Resources Defense Council (NRDC) togefher witﬁ the Sierra Club
and the Union of Concerned Scientists filed with the Nuclear Regulatory Com-
mission a petition for leave to intervene in tﬁo separate license application
proceedings for the export of slightly eanriched uranium fuel to India: License
No. XSNM-805 for the Edlow International Company to export 3055.20 kilograms
of low-entiched special nuclear material and No. XSNM-845 for 18371.4 kilo-
grams of the same.* This sort of petition had no legal precedent in the
history of the Atomic Energy Commission, and in this first attempt some of the
petitioners' arguments were a bit strained. For example, they reaSoned that
their members were affected by t@ese nuclear export decisions, because the
Atomic Energy Commission had an obligation to protect the health and safety

_of the public and that bublic was world-wide., Therefore not only members of
the Indian public, but also a member of the Sierra Club travelling in India
might be exposed to excessive radiation because of poor maintenance at the
Tarapur power plants. However, this first naive approach to intervention by
the trio of organizations was soon followed by petitions which displayed an
increasingly sophisticated awareness of the weapons proliferation aspect of
these export decisions and which founded their objections on the increasing
danger of the spread of nuclear weapons.

The Nuclear Regulatory Commission requested written statements from the
petitioners on the preliminary issues involved in this first intervention and
scheduled an oral hearing for March 17th. The Department of State urgently
petitioned on March 12th that the Commission consider each application separ-

ately and give priority to the license for XSNM-805, on the grounds of extreme
¢

*March 25th Order by the Nuclear Regulatory Commission in the Matter of Edlow
International Company as Agent for the Government of India, to Export Special
Nuclear Material, Docket Nos. XSNM-805 and XSNM-845. fTranseript, p. 1.
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need'in India. In an accompanying affidavit, Mr. Dixon B, Hoyle of the

State Départment reported that "unless slighcly.enriched uranium is received
at the 135H1§§7 fabrication plant by March 31, 1976, operations at this
plant will be disrupted...even a marginal'delay beyond the March 31st date
will entail considerable hardship and irreparable interruption in the re-
fueling cycle which would cause serious damage to the Tarapur project as a

whole "*

Apparently the information furnished by the Indian Atomic Energy Commis-—
sion to the State Department had been incorrect or incomplete. For on the
day before the hearing, Mr. Hoyle filed a second affidavit informing the
Commission that he may have overstated the impact of further delay. However,
during the oral hearing on March 17, Mr. Irwin Goldbloom of the Department
of Justice who appeared for the Department of State, again insisted that
time was of the essence, and the Commission as well as the State Department
... .. .._.__therefore pressed the Indian AEC for the exact facts ébout the dire need for
fuel for the Tarapur. March 3lst, after all, was just around the corner, and
the State Depértment was concerned that the U.S. government not damage furthér

its reputation as a reliable supplier.**

By March 25th, it appeared that there was no reason for urgency, ***

* Tbid., p.3

** The first damage had been done by the U. S. government's announcement of a
uranium shortage and the rewriting of contracts in 1973 for providing en-
riched uranium to foreign countries. See Monograph #2.

***NRC March 25 Order op.cit. p. 4:
"~ India currently has on hand at the fabrication facility 41,000 kgs
or uranium, including 5,000 kgs of scrap and 30 finished fuel elements.

~= The 41,000 kg of uranium on hand at the fabrication facility will allow
the preparation of approximately 260 fuel elements.

-- Each reloading of one of the Tarapur reactors nominally requires 70
fuel elements. According to Mr. Hoyle's March 18 affidavit, the actual
number of fuel elements requiring replacement at a single previous re—
loa,ding has been as high as 118.

--"Reloading of each reactor is nominally expected to occur at intervals
of about 10-12 wonths.

—— On the basis of the parameters the State Department has supplied and
existing Indian uranium supplies, the following schedule of reactor
fuel availability may be derived.

Source: http://www.albertwohlstetter.com
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The. Commission indeed expressed surprise that the State Department had even
been considering shipping the material by air. It concluded that "it is
reasonable to take July 1, 1977, as the earliest date on which the uranium
now on hand in India might not be sufficient to refuel the Tarapur reactors.”*
Furthermore, the Commission noted that "The Agreemeqf dddresses the supply

of fuel for the reactor, not of feedstock for the fab;ication plant....That
supply at the present time and on our present understanding belies any claim
of imminent shortage or, correspondingly, urgency."** The Commission there-
fore ordered both petitions to be considered together and requested final

wiitten submissions on March 26th, with a hearing ultimately scheduled for

July.

Fuel Elements Remaining After Refueling

Assumed Nominal Assumed Maximum

Refueling Date Use Per Refueling (70) Use Per Refueling (118)
Current Supply. . . . . . .260. . . . . . . . . . . . . .260
July/August 1976. . . . . J190. . . . . . . . e o o o« o142
January 1977. . . . . . . 1200 . L . 0 0 00 0w e e . . 28
June/July 1977. . . . . . . 50. . . . . . ¢ v v v e . . o(94) (deficit)

Thus, it is reasonable to take July 1, 1977 as the earliest date on
which the uranium now on hand in India might not be sufficient to refuel
the Tarapur reactors."

**Ibid., ppo 7"'8o
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Delays and inaccuracy in tﬁe information supplied to the State Depart-
ment and to ERDA by the Indian Department of Atdmic Energy may have accoumted
for some of the State Department's failure t; answer the petitioners’ ques-r
tioners directiy in July.

However, another complication arose from the fact that answers to the
questions required a prolonged and massive search oé.files that in govern-
ment circlés can only be regarded as ancient history. From the point of view
of busy government officials, it is an agony to have to put aside urgenf
questions of the day, which are demanding immediate answer, in order to
look for background negotiations to contracts that were written twenty
years ago or to answer questions that never arose at the time the contracts
were made, Some of these files ;ere located in response to Senator Ribicoff's
questions,

But clarity was not servéd by the various aﬁtempts of spokesmen' for the
State Department, ERDA and the NRC to justify earlier U.S. policies toward
India which in the light of more recent history appear to have been in-
cautious. It is always difficult to admit a mistake, but surely in the
end better and at least more dignified than the contortions that resulted

from the explanations about U.S. heavy water in CIRUS.

The first position taken by the U.S. government officials was that no QGS;

heavy water was in the reactor while it was producing plutonium. Ambassa-
dor T. N. Kaul of India, as we have seen, stated in ringingly exact numerical
terms that the explosive was made using "100% Indian material”. We went
along with that. 1In fact, the State Department spokesman in his response

to Senator Ribicoff said the same. "No effort was made to verify this state-
ment, since it would have been impossible to determine the origin of the

heavy water actually in CIRUS at the time the plutonium used in the nuclear

device had been produced.*

*U.S. Sentaﬁé Hearing on S-1439, op.cit., p.855

X
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'S

Of course it is possible that the Ambassador meant that the natural

uranium in the reactor was exclusively Indiam, not that the heavy water

(:yhich'only moderated the neutron bombardment but was not itself transmuted

into the explosive material used inside the bom@)was Indian. That claim
would be simply irrelevant, since the issue was the use of U.S. supplied
heavy water as a moderator. This interpretation would limit the Indian
denial only to the transmuted material inside the bomb. But the Ambassador
also said that "100% Indian personnel"* were used in making tﬁe explosive, .
and by this he certainly did not mean merely that there were only Indian
personnel inside the bomb. Heavy water, like the personnel, was employed
in making the bomb material énd, like the personnel, it‘did not wind up
inside the bomb. Heavy water is neither fissile (like U-235) nor a fertile

source of fissile material (like U-238). However, it was an essential

material used in producing the fissile plutonium for the Indian explosive.
And it was not "100% Indian.”

Still another twisting of the normal logic was offered in order to
reach the conclusion that Ambassador Kaul really did not imply that the
materials used as a moderato; were not American when he indicated that all
the materials used were "100% Indian." Ambassador Kaul was addressing the
question as to whether the materials, facilities, etc., used were Canadian.
When he said they were "100Z Indian,' he meant merely that they were not
Canadian. Or at least he was "focusing" on Canada. That at any rate seems
to be the NRC staff's reading of available évidence and it led them in
advance even of the hearings on the subject, to the conclusion that there

was ''no representation focused on the use of heavy water supplied

*"e did not use or divert Canadian material; in fact, we used 100
percent Indian material, Indian technology and Indian personnel."
Letter of June 29 to Mr. Benjamin Huberman, NRC, from Myron Kratzer,
Hearing on S. 1439, JCAE, op. cit., p. 18.
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py the U.S."* But the question of subjective focus is strictly irrelevant
in reading the evidence as to the straightforward meaning éf Ambassador -
Kaul's languaée. If he meant simply that the material was not Canadian
he could have said exactly that. What he did say was that it was 100%
Indian, which means that it was Q% American, 0% Italian, 0% German, as well.
The NRC staff concluded, along with the State Depargﬁent, that there has
been no evidence that the Indian Government misled the United States
Government , ** ' ‘>

On the contrary, whatever else is true in this tortured set of readings,
it is apparent that the U.S. Government, willingly or unwillingly, was misled,
whatever the intent of the Indian Government. And it elsewhere acknowledged

that "Our earlier conclusion in this regard was the result of misinterpreta-

tion of Indian remarks.*** As recently as June 2, 1976 the State Department

spokesman**** agsured Senator Ribicoff that no U.S. heavy water was in the
CIRUS reactor when it was producing plutonium and the spokesman was clearly
talking about the U.S., not Canada. Moreover, the sole source of information
on the status of the heavy water in the CIRUS was the Indian Government. In
fact, according to Nelson Sievering, Jr., Assistant Administrator for Inter-=

national Affairs, ERDA, "After careful review of this matter, the Atomic

*  U.S. Nuclear Regulatory Commission, "Staff Comments on Proposed Export
of Special Nuclear Material to India (License No. XSNM-845)", July 8,
1976. Typescript, p.7.

*% Ibdid.

Source: http://www.albertwohlstetter.com

**% Letter from Kratzer to Huberman, op.cit., p. 18.
****See p.H- 144 of this Monograph.
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Energy Commission decided that it would be appropriate to recénfirm with
the Indian Governmént that the Ambagsador's statement meant that no U.S.
supplied heavy water was used for this program."* After receiving from
Dr. Sethna'a confirmation that only 1002 Indian material" was used, the
Chairman of the AEC "Dr. Ray concluded that further correspondence on the

question-of whether U.S. supplied heavy water had begn used in connection

-with production of the subject plutonium was unnecessary.'"** If the

Ambassador's statement was relevant, it was false. Yet it was reiterated
by the State Department spokesman, based of course on the technical informa-
tion supplied to him.

That technical information was unfortunately very faulty. It pur-
ported to show that the CIRUS was empty of all U.S. heavy water, because
(1) _the initial U.S. load of'heavy water had leaked or degraded at the rate
of 10 percent a year and (2) ten years had passed, with the result that.
none was left. However, the first point was factually in error: The
heavy water is used as moderator in the Canadian ka.type of research
reactor, not as coolant, and has no substantial rate of degradation. Many -
documents in the AEC files support a degradation rate of less than one
percent a year. The second point is more embarrassing. It defies not the
facts, but the laws of arithmetic and physics. Even if the heavy water

then in the reactor degraded at 10 percent per year, and each year the

*Letter to Mr. George Murphy, Executive Director, Joint Committee on Atomic
Energy, Congress of the United States from Nelson F. Sievering, Jr.,
June 17, 1976. Hearing on S. 1439, JAEC, op. cit., p. 13.

**Tbid.
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. percentage lost was _:;'eplaced by purely Indian heavy wa;ﬁer, there would
still be after 10 years 35% of the original U.S. water. At the end of the |
first year 90% of the American water would be left; at tﬁe end of the second
year.902 of that 90 (that is, 91%) would remain, and a'.t'. the end of the

third year 90% of the 81Z (which is 73%), and so on, until at the end of

CE) the tenth year 35% remains.

8 Presumably the Indian water added each year would be leaking or

g degréding also. But‘;fme witness before Congress testified, the State Depart-
-% ment's view of the matter suggests that molecules in India don't obey the
E laws of physics, but a ‘cast:e. system in which our molecules were untouchable
g by theirs, and only ours leaked or degraded.*

"% Both the facts about the plausible degradation percentage and the
%__,_. woee-..-.dogical consequences of any specific degradat':ion.were- botched in these

;. first explanations. When this became apparent, the State Department

g retreated to the view that while some of the heavy water was undoubtedly
? ours, (1) it probably wasn't much, because they had a heavy water plant
-n"% . whose cumulative production was large compared to the 21 tons we

= supplied under the CIRUS contract, and (2) even if they did use our heavy
g water, they needn't have; they could.have used their' own.

!5 On the first point, not much needs to be said. (The lady was only,
(/O) so to speak, slightly pregnant because ﬁhe baby was so small). It is worth

noting, however, that the Indians later leased heavy water from us in sizeable
amounts for the Zerlina reactor, namely 15 tons, under a peaceful use con-
straint and indeed under safeguards, and they had our heavy water transferred

by way of Canada for the RAPP I reactor in the amount of 130 tons. The

*Statement of Albert Wohlstetter, June 16, 1976 in the U.S. Congress, House
Committee on International Relations, Extension of the Export Administration *>
Act of 1969, USGPO, 1976. y, -
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last ar;.‘angement was made in iate 1971 and the Indians. needed urgent help from
the Soviets, who sent 50 tons. A1l of this suggests that the Indians were.
not producing up to the theoretical limits in their own heavy water plént;*
wﬁich, alas; was constructed also with American heipvin design, and with
the services of Vitro International, an American,co?poration. In any
case, they could not meet their heavy water needs themseives. We have
already documented from Indian sources the fact that a shortage of heavy
water has been 2 principal constraint on the Indian program for natural
uranium reactors, even though the United States has been the main source for
the heavy water the Indians have used.

One may doubt whether in.fact the Indians were only slightly
pregnant with our heavy water. But the main péint, of course, is that

preg&qp&y is a yes-no matter. Our agreement meant that none of the material

" can be used for nuclear explosives, not that some or only a little can

be so used.

The second point;;that even if the Indians used our heavy water, they
need not have—-is the most dangerous of the apologetics attempted so far.
For this suggests that there is no point in our safeguarding or comstrain-
ing to peaceful-use-only any facility or material or technology in a country
which conceivably could get the equivalent from someplace else. The
Indians can produce plutonium in their CIRUS and even more in the super-

CIRUS soon to be completed. Shall we say therefore that since they

-~

*State Department answers to questions about actual production figures on
heavy water at Nangal refer only to "production capacity.” Either there
has been no Indian acecounting, or the Indians have not supplied the figures.
Early planned capacity was six tons a year. State Department answers
refer to 14 to 15 tons annually.
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.can'gét bombs from their other facilities, it isrquité all right for them"
to use our facilities also for producing‘bombsz ; |

In fact, the State Department's.answers in.Hearingé.and in the responsés
to specific questioﬁs raised by the NRC and the NRDC suggestea that the
restraints or concerns about our low enriched u:anium'fuel in Tarapﬁr were
really unnecessary because the Indians have alternative ways of getting
fissile maﬁerial. That would mean that the safest way for us to furnish
nuclear cooperafion constrained to peaceful uses only is to encourage
‘governments to get production reactors that are not under a peaceful use
.constraint at.all. If a country can make a bomb easily without using-the
equipment or materials we supply, our own material would be safe. Of course,
the point of it all is to discourage bomb manufacture and it is only this

<w-------- point .that seems constantly to escape gur~grasp.

Finally, various government officials have claimed that the Indians
did not explicitly say that they had not used our heavy water. We misunder-
stood. Very well then. That changes things. ﬁow wé understand. The
Indians violated the peaceful-use constraint implicit or explicit in all
our agreements on cooperation. Their behavior would seem to call for a
drastic revision in our agreement for cooperation of the kind announced

by the President on October 28, 1976. It would condition U.S. cooperation

Source: http://www.albertwohlstetter.com

more explicitly on the recipient's agreeing clearly not to obtain nuclear
explosives or even to obtain highly concentrated fissile material which
can be quickly made into explosives. The exchange of letters between

Dr. Ray and Dr. Sethna in September, 1974 does not accomplish this purpose.
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INDIA AND THE "'PEACEFUL USE" CONSTRAINT

U. S. policy on the peaceful use constraint.has been fdar from lucid.

However, common sense suggests several points.

When we say that facilities or materials or technclogy that we trans-
fer are constrained to be used solely for peaceful purposes, this excludes
any use which has a plainlgrimmediate.militar& potential., And the most
obvious military function excluded is the development of a capability to
detdnate nuclear explosives.

The development of a nuélear explosive using our transfers there-
fore violates the plain meaning of our contracts for nuclear transfers
or our agreemenés on nuclear cooperation. It makes no difference tﬁat

a. the transferee never accepted explicitly that the agreement
excluded all nuclear explosives, or the development of a capability for
such,nor that

b. we may not have made explicit at the time of the agreement
that nuclear explosives are excluded, nor that

c. the transferee at some later stage explicitly denied that
nuclear explosives inevitably had a possible military use, nor that

d. the agreement on limiting the transfer to peaceful uses
only was not accompanied by safeguards.

It makes no difference, that is, so far as establishing the.fact

that the recipient of our nuclear assistance has evaded the intent of that
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Source

aésistance, and therefore provided a warrant for a.cutoff of fufther assis-
tance'or even more severe.sanctions.',lt certainly offers no excuse for
faiiing to condition further assistance on tight conditions that.would .
prevent a repetition. .

We could add the further point that it makes no difference whatsoever
to the intent of our policy whether the.transfer was a giftc, a sale, or a
lease, or whether it was a facility we were transfetring, or simply mater-’
ials, although the Indians went through the most elaborate maneuvers to
draw such distinctions.

The plain truth is that the Indians wanted to avoid any constraint

on nuclear transfers which would prevent them from converting the tramnsfer to
whatever pgrpéég‘they pleased, and failing in that, they wanted to avoid ﬁaving

[y
o

any safeguards to monitor whether or not the conditions of the transfer were vio-

lated. They fought the language specifying limitations to peéceful use

only, entering exceptions wherever they could get away with it

They fought any-admission that a nuclear explosive inevitably had

a military use. When it Became clearthat we were going to insist

on a peaceful use constraint on our heavy water in the CIRUS reactor,
they fought successfully against the provision of safeguards to

monitor the peaceful use constraint. When it became clear that

there were going to be safeguards on the heavy water we were to

provide for the Zerlina research reactor , they. successfully arranged

to lease rather than to buy our heavy water, on the grounds that
this would preserve the principle that Indian material should not

be safeguarded. In the case of the Tarapur reactor, where they were actually
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buying the'iow enriched uranium, they fought to preserve a;.leasﬁ their
position that only the materials were subject to safeguﬁrds: and if the
Tarapur were to use other materials, the facility itself would not be
Siject to safeguards. On their view only the coincidence that Tarapur
was to use our materials exclusively made it appear to se subject to
safeguards.

In short, in dozen of ways, in their bickering over every word to
provide loopholes in our agreement contracts, the Indians demonstrated
that they wanteé to'gﬁfserve their optiozaso do whatever they wanted with
the materialz civilian or militargc The details of such negotiations only
illustrated in concrete terms the position they were stating in principle
in international forums, such as those that were debating the setﬁing up
of an international atomic energy agency. Not only the safeguards that
monitor the limitation, but the limitétion itself is a violation of.their
sovereign independence and a vestige of colonialism. Any attempt now to
apply sanctions is attacked in the same terms.

U.S. policy on the ather hand after the Indian explosion

seems to have been directed mainly at saying that a fait accompli isn't

really a fact at all, even though it might look very much like one. Take,
for example, the answer of a representative of ERDA's Géne;al Counsel Office
to Senator Case on June 22 before the Joint Committee on Atomic Energy.

Dr. Seamans, Administrator of ERDA, had indicated that some of our heavy
water was in the CIRUS reactor when it was producting the plutonium used

in the Indian nuclear explosive detonated in 1974. 'Does this violate our

peaceful uses only constraint?" asked Senator Case. Dr. Seamans deferred
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~ to the counselor who noted that our contract with the Indians for heavy

p !

water did provide that the heavy water would be used only in peaceful

applications, but that it was "not, as you know, an agreement for cooper-

ation . . . under which they not only make a peaceful uses assurance and

specifically exclude nuclear weapons but also accept IAEA safeguards.'*
But this is no answer gt all. The question is whether the Indians
violated the constraint, not whether we had an inspection system which
would detect it. In fact, the Indians made a nuclear explosive out of
the plutonium prQZuced in a reactor moderated by.U.S. heavy water trans-

ferred under a contract that explicitly excluded any military use, and

we have many times since 1966 reiterated that any nuclear explosive has

"a military use. In short they violated the constraint. And this makes

only more poignant the fact that we had not insistéd on a policing of the

agreement. That was a bad mistake, proven by the act of violation. Never-~
theless, the counselor's tentative response might suggest that thefts are
not larceny, if no arrangements have been made for police to catch the thief.

Let us hope that U.S. policy on the peaceful use constraint in the future

may be guided by the lessons of the Indian experience.

*Hearing on S+1439, JCAE, op.cit., p.13.
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POLICY IMPLICATIONS OF THE INDIAN-CANADIAN-U.S.
EXPERIENCE IN NUCLEAR COOPERATION

This case history has implications (a) for decisioﬁs on future U.S.
cooperation with India'i%ZZ&f and these are of course the policy choices
most directly 2lluminated; (b) for the choice of policieé‘for stopping the
spread of nuclear weapons to other countries as well as Iﬁdia; and this
more general application of the U.S.-~Indian experie;ce is pérhaps even more
important.

nadu bl
Some causal connection}actuaiiy exists between the two, between the

policy we adopt toward India in the future and the influence we can exercise on
other countries. Our policy towards India sends a message to other coumtries
that may be morg persuasive than declaratory statements about the rewards

and penalties actions that miéht violate the letter or spirit of our
anti-proliferation policy. But even apart from this direct effect of our
Indian policy on our policies elsewhere, #t is apparent that the sequence

of events leading up to the Indian exﬁlosioﬁ in May, 1974, had a verxa__‘
widespread and immedliately recognized significanée as a major challenge to

policies that had been directed at transferring nuclear technology for

peaceful uses only-aad—aﬁfshE:saaeuaéﬁg\discouraging or preventing its

military application. In the three vears since the Indian explosion inter-
national awareness of this challenée has deepened. It has not, as some
expected, dissipated. In fact, in spite of all that has been written about
the Indian nuclear program, the implications of its history are not yet
widely understood. Yet they are directly relevant for much of the current

debate on nuclear export policy.
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(a) On the points of general importance.*

1. Stopping drifting governments versus stopping governments which are

committed from the start.

It is frequently argued today thét there is no point in constraining exports
of plutonium separation plants or uranium enrichment facilities or even in
limitihg exporté of plutonium or highly enriched uranium themselves. There
is no point, and it may even be bad, the argument runs, because almost any
country committed to getting nuclear weapons can get them by itself,** for
example by designing and building a production reactor. After such a
facility (say, a simplified version of the Brookhaven Graphite Research
Reactor taking four or five years to build and using natural uranium)

is fully operational, it will produce plutonium in the spent fuel that

might yield material for one or two bombs a year.*** Suych

Source: http://www.albertwohlstetter.com

* T draw here on recent drafts of Albert Wohlstetter's Monograoh #1, which
is itself based on this and several other country studies.

**See for example the views of Peter Hermes, State Secretary of the Foreign
Ministry, West Germany, and Hans-Hilger Haunschild, State Secretary of the
Research and Technology Ministry, as summarized in Nucleonics Week, Feb. 10,
1977, p.9. "Bonn hopes that Washington will see the /Brazil-German/ deal in

a different light after a more detailed study of its safeguards, which as
German government officials are quick to emphasize, go beyond those of the
non-proliferation treaty. German philosophy is that a country really wanting
the nuclear bomb will get it anyway. The Bonn belief is that it is better to
extend cooperation at a time when it is still possible to persuade the recipient
countxry to accept international controls rather than turn down the threshold
country's request for technology, letting it reach its nuclear goals through
its own_development work, without IAEA inspegtions. As it is, '"the [gprman-
supplied/ Brazilian nuclear facilities will be fully subject to IAEA controls'".
See also C. Starr, W. Haefele, E. Zebroski, draft paper on "Nuclear Power and
Weapons Proliferation," March 1976; E. Zebroski, contribution to Panel on

"U.S. Nuclear Policy and International Security", Dec. 7, 1976; California
Seminar on Arms Control and Foreign Policy; and a 58-page recent Westinghouse
study cited by Nucleonics Week, March 31, 1977, as showing that there are
"multiple avenues" other than by way of LWR plutonium that can be followed

by a "determined non-nuclear weapons state.” (italics added).

*** John Lamarsh, "Construction of Plutonium-Producing Reactors by Small and/or
Developing Natioms", April 30, 1976, reproduced by the Library of Congress,
Congressional Research Service, June 4, 1976.
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a country could also design and build a reprocessing facility.fof extracting
plutonium from therirradiated-fuel rods.* 'If we do not expo:é,facilities
for producing such highly concentrated fissile materials or the materials
themselves to such countries who are intent on getting nuclear weapons, we
will compel them, it is said, to do it on their own. It would be better for
the United States to supply these under Safeguards.’

This line of reasoning, which is sometimes buttressed by a reference
to the Indian example, has many weaknesses. In fact, an examination of the
Indian experience reveals a key flaw in the argument. It is essential to
consider not merely governments that have made up their minds to get nuclear
weapons and to get them perhaps at any cost. That list is likely to be very
small indeed at the present time, as it has been in the past. More
important is the much larger list of governments that at any given
time have not made up their minds at ail, or that have not even seriously
considered a nuclear weapons program, or that have considered it and quite

sincerely rejected it.

That larger list is the one that policy must principally ad&resa:
the countries that can drift towards a military capability without trying
to, and without any intention of arriving at it; and yet may adopt a civilian
program that ultimately places them within days of acquiring material for
nuclear explosives. The Indian experience illuminates that process of drifting
towards a bomb. Canadian and U.S. help -- transfers of facilities, équipment
and material, advisory scientific and engineering services, training of
Indian personnel, financial subsidies and loans --' formed a major ingredient
of the Indian program which was shortening critical time to make an explosive.
And this help was given before and after the Indians revealed a strong interest

in nuclear explosives. It continued after the time when Indian officials were

*John Lamarsh, "On the Extraction of Plutonium from Reactor Fuel by Small and/or
Developing Nations", July 19, 1976. Reproduced by the Library of Congress,
Congressional Research Service, Oct. 14, 1976.
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fotmally:and informally issuing statements that the Indian nuclear program
had shortened the ﬁime remaining before they could get - an explosive, and while
the time announced was growing shorter and shorter. Bhabha and Nehfu announced
before the_Phoénix went into operation that they would need only 18 months
afﬁer the decision. Then later as they drifted closer they annodnced the
interval as only'six months.

| During this period both the U.S. and Canada made public amnouncements
indicating that "exclusively peécéful applications" excluded by definition
explosives of any kind, and the Canadians made many private reminders of
this point. However, in advance of the actual Indian explosion, neither
Canada nor the United States insisted that the Indians themselves publicly
agree with them and still less qid either government demand that India eschew

forms of nuclear research and nuclear electric power activity that would

them closer to a nuclear explosive. Nor did the U.S. Or Canada ever explicitly
say that stocking plutonium was illegitimate.

Canada waited until after the explosion to insist on India's dis-
avowal of a nuclear explosive program and it was only in 1976 that both
governments indicated that civilian activities involving stocks of plutonium
might themselves have to be banned. The latter course of action finally
faces up to the question of stopping a drift towards the bomb by countries
not yet committed.

2. Current pure intentions are not enough.

A point closely related to the preceding one is also clearly confirmed
by the Indian experience: The fact that a government receiving nuclear

transfers has the purest of motives at the time of receipt, that it intends
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to use this aid solely for purposes of advancing civilian electric power,

and that it abhors nuclear weapons, offers no assurance that it w111 ﬁbt
chaﬁge its mind, and provides no warrant thereforevfo; favored ;réétment in
granting aid which will shorten the time to make an expiosiﬁe.‘ Since such

aid makes it technically easier and cheaper to get nucléar weapoﬁs and”means
that the progress towards nuclear weapons can be more amb;gﬁous, or aéncealed,'
and politically less risky, it also facilitatgs a cﬁange 1n'intention respond-
ing to new external or internal pressures. Only a policy that restricts

the forms of nuclear energy (in research or in production of nuclear power)

to those that exclude national control of highly concentrated fissile material
can deal with future intentions to make nuclear weapons and make it less
likely that present good intentions will change.

This particular lesson is.;elevant today to the situation of several
countries (Japan, Sweden, West Germany) whose current intentions are on all the
evidence exemplary, but whose programs of nuclear cooperation with us and other
suppliers involve an accumulation of plutonium and highly enriched uranium.

3. "Safeguards" are necessary but not sufficient.

Bilateral and international safeguard systems are essentially arrange-
ments for accounting and inspection. They are intended to deter bomb manu-

facture by assuring early warning and permitting timely counteraction.*

*Laws and Regulations Governing Nuclear Exports and Domestic and International
Nuclear Safeguards, Message from the President of the United States, May 6, 1975,
USGPO, Washington, D.C., 1975, p.35; General Starbird, Assistant Administrator
for National Security, ERDA, "Statement before the Senate Committee on Govern-
ment Operations”, January 29, 1976, Hearing on S-1439, op.cit., p.408; IAEA
INFCIRC / 153 (1971) and B. Sanders and R. Rometsch, "Safeguards against Use

of Nuclear Materials for Weapons”, Nuclear Engineering Internatiomal, September,
1975, p.683; and chapter 3 of Moving Towards Life in a Nuclear Armed Crowd?
Report to the Arms Control and Disarmament Agency by Wohlstetter, et al, of

Pan Heuristics, Los Angeles, California, April, 1976, p.72.
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The In¢iéns resisted safeguards with very substantial, though parciai success.
SOme of theit'facilities are not or willynot be'Safeguar&ed at all, even

though they involve technology that is at least directly descended from some

' Canadian and U.S. imports. for example, the heavy water reactors under con-

struction at Madras. Other facilities giVen them by Cénada and materials

given them by the U.S., though restricted to peaceful uses, were unsafeguarded:

80 CIRUS and the U.S. heavy water used in it. Nonetheless even if this un-

fortunate laxity had been avoided, safeguards would not have been effective
in fulfilling the purpose of providing timely warning, if the Indians had
been permitted to separate plutonium, to fabricate it into mixed plutonium
uranium oxide fuel and in the course of these activities, to stock signifi-
cant quantities of plutonium or gimple compounds of it under their control

for use either in electric power or research. To prevent the sudden manufac—

Source: http://www.albertwohlstetter.com

essentially all research and power facilities that could contribute substantially
to the eventual accumulation of fissile material, but restrictions on the

accumulation itself.

4. Ambiguities can vitiate policy.

The Indian agreements for cooperation with the United States were loaded
with ambiguities, unilateral understandings and formulations compromised with
a view towards speeding the conclusion of the agreement itself. These defects,
however, reduced the effectiveness of any deterrent value of the agreements and
made it less likely that we would take any strong action in response to a
viclation of their common sense meaning. The Indian experience makes
clear that only agreements that plainly stipulate the meaning of the
essentials are likely to survive intact in the face of the changing purposes

of the government involved. Nothing else will discourage violation or make

sanctions against violation probable.
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5. Policy towards countries that make nuclear e;plosives,in spite of an

agreement to restrict nuclear activities to peaceful uses only.

The Indians used a facility given by Canada and some of our heavy water
to make and test a nuclear explosive. They did thi§ in both cases under a
peaceful uses only agreement, and the State Department makes clear that our
agreements had always inﬁended to exclude such a de;elopment.* Nonetheless
we are faced with the fact that, whatever our or their good intentiomns, they
have produced at least one nuclear explosive. What should be our course of
action?

On one side it can be argued that the damage is done. 1India has carried
through the program, and we might just as well, as in the case of the Freach,
acknowledge the fact and treat India as a full-fledged member of the club,

__m_“_"glgggmyiggnghg preceding five members. Or we might reduce our embarrassment
somewvhat by accepting India's distinction between peaceful and military ex-
plosives and, to preserve fhe fiction, provide them so to speak, with only
an associate membership in the club. If we don't, India can go ahead with
its own program, having advanced so far, and moreover, as a potential supplier
of nuclear technology, India could proceed to help other countries to follow

in her footsteps with a nuclear explosive program. There is no point simply

in punishing India, and encouraging her to be irresponsible.

Source: http://www.albertwohlstetter.com

On the other hand, such arguments, though tempting, haveldisturbing
implications for future aspirants to nuclear weapoms. For what it will
suggest to them is that we will oppose their getting nuclear weapons and even
threaten dire consequences if they do, but should they be successful in ig-

noring our opposition and our threats, we will never execute the threats,

‘ *Robert J. McCloskey, U.S. Senate Committee on Government Operations,
\ Hearings on S$-1439, op.cit. June 16, 1976, p.811.
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énd never impose any sanctions, but only reward them with membership or
associatg membgrship in the clﬁb. If in addition we permif ciﬁilian activi-
ties that bring countries close to manufacture of nuclear explﬁsives iﬁ anyi
case, then the interval of unpleasant Oppositién from ﬁs before we reward
them will be gratefully short. The truth is thét we overéimplify wheﬁ we
say that "the damage is done" as soon as a country explodes a nuclear de;
vice. Much more damage will be done if we do nothing to make the country
regret its action. This is especially true if there has been a violation
of the sense of an agreement. But even for those few countries that have
never disavowed an interest in nuclear bombs, we should make clear in ad-
vaﬁce that in case they do, success will not be met by a welcoming committee
of the club. It will cost them something.

6. Policy towards countries that do not disavow intentions to make nuclear

- explosives, '"peaceful" or otherwise. There are about a half dozen countries

of importance that have refused to ratify the NPT or to make a separate state-

ment that they will forego even "peaceful” nuclear explosives (besides IndiayAxeds &~

Pakistan, Argentina, Brazil, Israel, Egypt). The Indian case illustrates
the dangers of continuing nuclear cooperation with such countries and
remaining content with unilateral statements to the effect that such nuclear
cooperation is premised on the recipient's not making nuclear explosives at
all or at least not making them with the aid furnished in a specific U.S.
nuclear agreement. I believe that U.S. policy should refuse nuclear cooper-
ation unless these countries give up nuclear explosives altogether, and

not just nuclear explosives made using our help. This means no slightly
enriched uranium, no heavy water, no reactor sales, no advisory services, no

nuclear transfers of any sort.
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7. Nuclear guarantees, conventional military assistance and vertical

proliferation.

Source: http://www.albertwohlstetter.com

Indian military concern centered primarily on Chiné rather than Pakistan,
and in fact as distinct froﬁ rhetoric, not at all on é thre#t from the two
superpowers. Indian arguments in internmational forums aBout superpower
disarmament were in good part a way of justifying their own armament and
nuclear explosive program. The Indians were interested in help from the
superpowers against China, and superpower disarmament wés rather irrelevant
or inconsistent with that goal. Although they have made constant refereﬁce
to the evils of vertical proliferation from the mid-sixties on, the evidence

suggests that this was merely a debating point. It is moreover doubtful

that substantial superpower disarmament would in general influence a country

__not_to undertake a nuclear weapons program, if it is concerned about nuclear

threats from other sources.

The Indian experience confirms that countries that by choice or circum-
stance stand outside alliance systems are particularly liable to decide to
make nuclear explosives, if it is easy for them to doso and if the internmational
environment changes adversely. Thé Indian cautious attempts to get nuclear
guarantees jointly or separately from the U.S. and the Soviet Union yielded
nothing very substantial, and U.S. conventional military assistance was
withdrawn just about the time that Indian concerm about the Chinese nuclear
explosive program was most acute. A policy to discourage nuclear prolifer-
ation has to deal with legitimate or perceived military challenges, both

direct and indirect, to the countries concerned.
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(b) On pdlicy specifically towards India.

1. Develop policies for the new Indian administration simultaneously with

a policy for Pakistan.

The new administration in India has begun with avrejection of nuclear
weapons and an ekpression of doubt about the usefulness of "peacéful" nuclear
explosives for India. Morarji Desai seems likely to be sceptical of the sort
of tecﬁnocratic idyll that has animated the nuclear energy program in India
in geheral and that in particular might give some shred of plausibility to
such dubious gadgetry as Plowshare*. The nuclear‘bﬁreaucracy in India has
been most closely linked with the Congress Party, with Nehru and with Mrs.
Gandhi. This is a particularly 0pportune time, then, to induce a revision
in Indian thinking and to move her away from nuclear explosives.

However, there are obstacles other than the Indian nuclear bureaucracy.
First of all, our own nuclear inaustry and bureaucrac& /ﬂgvcw &

fostered many of the Indian positions on nuclear energy and rationalised

‘them for the American Congress. A change in policy in India presupposes a

very clear cut change in American policy at the working level, as well as
at the top.

Second, India has some legitimate defense concerns and insofar as she
has any continuing worry about a Chinese nuclear threat, she may require some
sort of assurance of help. For the United States to provide this assurance
may be hard to manage.

Third, India nonetheless has an interest in seeing to it that Pakistan,
an irredentist power with respect to parts of India, and an ad?ersary with

whom India has been engaged several times in the short history of Indian

*Morarji Desai has been on record for some time against nuclear weapons for
India. He is quoted as saying "'We can drive out any aggressor even without
the bomb.' 'If China were to throw an atomic bomb on the Indian border, she
would create an impenetrable barrier for herself.'" Hari Ram Gupta, India-
Pakistan War, op.cit., Vol. II, p.100. 1In his first public press conference

since his election as Prime Minister he also expressed doubt as to whether a
nuclear explosive program would be useful for India and advised returning to
"cottage industry". Newsweek, April 4, 1977, p.36.
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independence, does not itself get nuclear weapons. ‘Theré is no doubttthat
Pakistan has:been powerfully moved to get nuclear exélosives by India's own
explosive program, and that Pakistan's desire to imbrove its conventional
forces is motivated mainly by’its adversary relation with Ihdié.

All of this suggests that it is essential to try to use a formal aban-
donment of India's nuclear explosive program as a lever to‘get a similar
commitment from Pakistan about nuclear explosives: and vice versa. And
in a similar way, it is importamnt to try to arrange for the simultaneous aban-
donment by Pakistan of its plans for a reprocessing plant and for the-aban-
donment or indefinite deferral by India of its plans to reprocess.

2. We should assure India of fissile material equivalent in amount to that

which she might derive from reprocessing spent fuel. This equivalen; would
’~-~be~in‘thg—form of natural or slightly enriched uranium. |

3. We sﬁould offer to take back India's spént uranium fuel, and to lease

rather than sell her slightly enriched uranium fuel ro&s in the future.

4. The plutonium content of the spent fuel has an uncertain value which will

depend on the relative costs of deriving fissile material from spent fuel,

compared to the costs of freshly mined uranium. It may have a negative

value. We should offer India, if she likes, an equity interest in any use of

her spent fuel to extract fissile material. That is, if in the future it

Source: http://www.albertwohlstetter.com

is profitable to extract plutonium from spent fuel, we should give India a
credit for the positive value of the plutonium as an offset for the cost of
the slightly enriched uranium which we supply as a substitute. If this
risky venture of reprocessing is nevertheless undertaken and there are

losses, India, with an equity stake, would have a debit to add to the price
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of slightly enriched uranium. India should not be obliged to take the equity
risk in reprocessing, but making it clear that she has the opportunity will
make it clear also that it is highly uncértain that plutonium embodied in
spent fuel has a'pogitive value.

5. 1If India does not explicitly disavow a nuclear explosive program, and if
she does not accept full fuel cycle safeguards, we sﬁ§uld stop nuclear cooper—
ation with India.

6. If India does disavow nuclear explosives and accepts full fuel cycle
safeguards, we should supplyher with slightly enriched uranium and heavy
water only if she also agrées not to accumulate plutonium or highly enriched
uranium, and only if she agrees not io maintain facilities that could quickly
provide stockpiles of such highl& concentrated fissile material. A more re-
stricted immediate poliqy initiative would ask India to defer any further
contracting in to a program yiélding stocks of highly concentrated fissile
material, while we negotiate with her to provide equitable less dangerous

substitutes for the highly concentrated fissile material or the facilities

yielding it.
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Addendum A

PRESS CONFERENCE WITH DR. BHABhA AS REPORTED
IN THE BOMBAY TIMES OF INDIA OF AUGUST 5, 1956 ON APSARA

"The entire controi system of the reactor that was put into operation
on Saturday was designed and built by the Reactor Control Division under .
Mr. A. S. Rao, wﬁile the engineering drawings for the reactor were prepared
by the Engineering Division under Mr. N. B. Prased, which division also
supervised its construction.

"After the decision to buiid the reactor was taken by the Commission

last year, different designs for the shape of the pool and experimental

o mimras —im - — o —

faciiicies were discussed by a committee consisting of Mr. Prased,
Dr. Ramanna, Mr. Rao and Dr. Singhwi.

"Two designs for the pool were considered, one in which the reactor
moves horizontally in a rectangular tank and the other in which it moves in
a vertical cylindrical well. The possibility of combining the two systems
were also considered. It was finally decided to adopt éhe design with
horizontal motion as this provided the diverse experimental facilities
needed for this reactor.

"The reactor, which is housed in a hall 100 feet long, 50 feet wide
and 70 feet high, consists of a rectangular concrete tank 28 feet x 10 feet
and 28 feet deep, with massive concrete walls 8% feet thick. The reactor
is immersed in this pool of water, hence the description "swimming pool

type."
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"The core of the reactor is approximately a cube of two feet wide,
which 1s suspended by a rigid frame from a trolley above, which moves on '
rails mounted on the siﬂes of the pool. The core consists of from 25 to
30 fuel elements containing the fissile material, uranium 235, in the form
of a sandwich. Each thin plate of uraﬁium 235 aluminium alloy is sandwiched
between two plates of aluminum. The fuel elements can be removed or placed
in position by long aluminum rods operated from the trolley above.

"When in operation, the fuel elements generaté heat through fission
and are cooled by the water, which also acts as a ‘moderator' for élowing
down neutrons and provides the necessary protection to the personnel against
radiation. |

"The reactor is provided with a number of automatic safety devices,
which shut it down in a fraction of a second if one of a numbér of danger
signs appear. For example, iﬁ will shut down if the power fails, or
excessive heat is generated, or certain instruments fail. The reactor is
of a type described as inherently safe. Even if all the automatic controls

were to fail and the reactor were to run away, the excessive generation of

heat would convert the water into steam and the reactor would automatically

shut down, because there would be no water left to slow down the neutrons.
"The fuel elements for the reactor have been provided by the United
Kingdom under an agreement signed in October last year between the U.K.
Atomic Energy Authority and the Department of Atomic Energy. The fuel
elements were flown out in separate batches, a few at a time, and were

stored in separate rooms for safety till they were loaded into the reactor.
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"The completion of the reactor was delayed by sevéral uuexpécted
difficulties. The special paint with which the sides of the ﬁool have to
be painted was brought out on a cargo boat, which arzived two months late,
Finally, when it reached Bombay harbour, the paint éould not be unloaded
for ten days because of congestion in the port and stquy weather. When the
fuel elements came to be loaded in the reactor a few days ago, it was found
that they would not fit because they had got slightly deformed im transit
and had to be straighteﬁed. Considerable delays were also caused by the fact
that the building to house the reactor was not ready on time. Despite all
this, it has taken just about a.&ear to design and build the reactor.

“"The loading of the fuel elements started on Monday evening (July 30)
and was continued till 1 a.m. The first trial run was started on Tuesday
- reveniag (July 31) with the loading of more uraniqm fuel elements. The
neutron flux gradually rose, but by 7 a.m. on WEdﬁesday morning (August 1)
the reactor had not yet become critical. The scientists worked on Thurs-
day (August 2) to change the disposition of the fuel elements and the
control rods and the second run was started at 5 p.m. on Friday (August 3).
The team worked right through the night, but by 10 a.m. no chain reaction
had been achieved. A further rearrangement of the fuel elements was
carried out and at 3:45 on Saturday (August 4) the reactor became critical.

The scientists and engineers had worked without a break for nearly 24 hours."
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Addendum B

SCIENTISTS ASSOCIATED WITH CONSTRUCTION OF APSARA

Dr. V. T. Athavale

Dr. Homi J. Bhabha

Dr. K. C. Bora

Prof. D. M. Bose

Prof. S. N. Bose

Prof. K. Chandrasekharan

Dr. Shanti D. Chatterjee

Dr. V. P. Duggal

Dr. A. R. Gopal-Ayengar

Dr. K. S. Krishnan

Dr. V. R. Khanolkar

Dr. Ambuj Mukerji

Dr. B. D. Nag

~ Chemistry Division, DAE, an inorganic chemist.

Secretary, Department of Atomic Energy,
Director, Tata Institute of Fundamental
Research, Bombay. Physicist and Cosmic ray
expert.

‘Biology Division, DAE.

Head of the Bose Research Institute, Calcutta.
Nuelear physicist.

One of India's outstanding theoretical
physicists. Professor and head of the Depart-
ment of Physics, University of Calcutta.

Head of the Mathematics Section, Tata Institute
of Fundamental Research.

Physicist at Institute of Nuclear Physics,
Calcutta University.

Nuclear Physics Division, DAE.
Member of the Biology Division of DAE. A

cytologist interested in cancer research and
leukemia. '

Director, National Physical Laboratory, New
Delhi. Very capable physicist.

Director, Indian Cancer Research Center; and
Chairman, Biological and Medical Advisory
Committee, DAE. An outstanding pathologist
in the fields of oncology and leprosy.
Nuclear physicist.

Nuclear physicist.
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S. Patuck

Dr. D. Y. Phadke

Dr. Prahm Prakash

M. B. Prased

M. B. Puerhi

Dr.

Raja Ramanna

Ayvagari S. Rao

Professor Meghnad N. Saha

Dr.

Dr.

Dr.

Dr.

Dr.

Jagdish Shanker

Kundan S. Singwi

G. S. Tendoilkar

K. G. Vohra

D. M. Wadia

Administrative officer of the DAE.

Concerned with the accelerator program at the
Tata Institute. o o

Metallurgist with the DAE.  Also head of

the Department of Metallurgy, Indian
Institute of Science, Bangalore. :
Engineering Division, DAE.

With the Biology Division, DAE.

With the Nuclear Physics Section, DAE.

Also a member of the Nuclear Physics Section,
Tata Institute of Fundamental Research.

Physicist and electrical engineer.

Nuclear Physicist, Head of the Imstitute -
of .Nuclear Physics, Calcutta University.

Physical Chemist; chemist-in-charge of the

“Radio-Chemistry Division of DAE.

Nuclear Physicist, head of theoretical
physics research in the Theoretical Physics
and applied Mathematics Division of DAE.

Chemical engineer and fuel teéhnqlogist
associated with the Metallurgy Division of
the DAE.

Air Monitoring Division, DAE.

Outstanding Indian geologist, Geological
Advisor, DAE, and also Geological and
Mineralogical Advisor to the Indian
Ministry of Natural Resources and Scientific
Research.
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Addendun C

January 24, 1961

FROM

‘AMCONGEN, BOMBAY, INDIA
TO ¢ The Department of State. Washington

SUBJECT: ATOMIC ENERGY: Opening of Canada—- IndiaReactor and Other
' Facilities at Trombay; Status of Atomic Energy Program to

= Date :
@)
&)
GLJ SUMMARY
= At the Atomic Energy Establishment in Trombay, on January 16, 1961,
()
"(7" before a gathering of internationally famed scientists and Atomic Energy
-gg Commission officials, Prime Minister NEHRU formally inaugurated five new
; installations including the Canada-India Reactor, a 40 MW, heavy-water
e
-
((b) moderated natural-uranium fueled research reactor. 1In his speech, the
O : .
?E?'"“'"—-"-“"Prime~Minister attacked those who question the economics of reactor -
; development in India at this time. Dr. BHABHA, Chairman of the Indian AEC, .
Eg also spoke, referring incidentally to an agreement to be signed with the
§ USSR on natural-uranium and fast reactors.
(@R
= Besides the Canada-India Reactor, the following facilities at Trombay
L

~were formally declared open:
8 ZERLINA, a small 100 watt research reactor
—
8 Uranium Plant and Fuel Element Fabrication Facility, to produce
N uranium rods for the two new reactors

Heavy Water Reprocessing Plant, to reconcentrate downgraded heavy
water for re-use in the two reacters

ZERLINA went critical two days before the opening ceremony; the Reprocessing
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Plant was completed the previous month; and at that time,'Apsara, Inéia's
first research reactor—1 MW; ordinary-water mdderated, enriched—ﬁranium'
fueled--was re-started after closing down in August 1960 for repairs,aﬁd_
improvemenfs. |

With the new installations, India has the beginnings of a compre-
hensive nﬁclear research and ppwér program, including facilities for
surveying. and eiploratory drilling for the uranium and thorium—bearing
ores available in the country; for mining and extracting; for producing
and reprdcessing fuel elements and also heavy water; for engaging in
effective nuclear research and for making radioactive isotopes fér other
research.

On January 16, 1961, at the Government of India Atomic.Energy Estab-
lishment at Trombay, twenty-five miles from downtown Bombay, Prime Minister
Jawaharlal Nehru formally inaugurated the Canada-India Reactor and certain
other facilities. During the next two days, é Syﬁposium ;n Nuclear Power
was held at which speeches were made by the eminent scientists and Atomic
Energy Commission officials who had céme from abroad to attend the ceremonies
(See Bombay despatch 436 of January 24, 1961). At the pre;&ous invitation
of the Indian member, Dr. Homi J. Bhabha, Chairman of the Indian Department
of Atomic Energy (DAE), the U.S. Scientific Advisory Commitfee also met in
Bombay, on January 19 (See Bombay despatch 437 of January 24, 1961). The
following day, a tour of the Atomic Energy Establishment was conducted. On
Januvary 21, the participants in the series of events deﬁarted on a 10-day |
Government tour of India (see Enclosure No, 1) that will include Republic
Day festivities in New Delhi on January 26 and will not come to a conclusion

until January 30.
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Participants in the Week's Events—Some 48 foreign officials

attended the various events of January 16-19. The United States delegation

consisted of:

Other

Source: http://www.albertwohlstetter.com
|

Dr. Robert E. WILSON, Commissioner, AEC

Dr. I. I. RABI, U.Ss. Representative, U.N. Scientific Advisory

Conmittee
Dr. John A. HALL, Assistant General Manager for International

Activities, AEC

Dr. Robert A. CHARPIE,Assistant Laboratory Director (Reactors), Oak

Ridge National Laboratory

prominent figures attending were:

Mr. Gordon CHURCHILL, M.P. Government Leader in House of Commons of
. Canada and Minister of Veterans Affairs

e - e

Mr. Herbert MORAN, Director General of External Aid Office, Canada
Mr. J.L. GRAY, President, Atomic Energy of Canada Limited
Dr. W. B. LEWIS, Vice President, Atomic Energy of Canada Limited,

and Canadian Representative, U.N., Scientific
Advisory Committee

Mr. Sterling COLE, Director-General, International Atomic Energy
Commission

Mr. Philippe DE SEYNES,Under Secretary, United Nations (representing
Mr. Hammarskjold)

Prof. F. PERRIN, High Commissioner, French Atomic Energy
Commission

Dr. B. GOLDSCHMIDT, French Representative, U.N. Scientific Advisory

Committee
Sir Roger MAKINS, Chairman, U.K. Atomic Energy Authority
Sir John COCKCROFT Member, U.K, Atomic Enefgy Authority, & U.K.

Representative, U.N. Scientific Advisory Committee

3-178



Source: http://www.albertwohlstetter.com

Prof. L. C. PRADO, Brazilian Representative, U.N, Scientific
' Advisory Committee

Representing the Bloc countries were the following:

u.S.S.R. Dr. Oleg D. KAZACHKOVSKIY, Scientific Director,
BR-5 Fast Reactor (replacing Prof. V.S. EMELYANOV,
Chairman, State Committee of the Council of
Ministers for the Peaceful Utilization of
Atomic Energy)

Communist China Mr. CHOU Pei Yuan, Chairman of Board of
Directors of Society of Physics, member of
the CPR Academy of Sciences

Hungary Dr. Lenarct PAL, Deputy Director, Central
Research Institate of Physics, Hungarian
Academy of Sciences

Czechoslovakia Ing. Dr. Vliadimir SVAB, Director of the
Institute for Nuclear Research

Other guests are listed in the first part of the booklet constituting

“Enclosurz No. 1.

Opening Ceremonies--The ceremonies aE Trouwbay were opened by Mr. Sri

PRAKASA, Governor of Maharashtra. Mr. Churchill, Dr. Bhabha, and Prime
Minister Nehru delivered addresses. Those of the first two are attached as
enclosures No. 2 and 3. Nehru spoke without benefit of notes, and the text
of his speech is not available at this time.

Dr. Bhabha described the development of the Atomic Energy‘Establishment
since 1955 and the facilities which then were being formally inaugurated.
In paying tribute to the nations besides Canada which had helped India in
her atomic energy program, he mentioned the U.S. sale in March 1956 of 21
tons of heavy water now being used as the moderator in the Canada-India

Reactor. He also stated, "In the course of the last year we have negotiated
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a broad agreement for cooperation in the peaceful uses of atomic energy,

covering both natural uranium and fast power reactors, with the Soviet

Union, which will be signed this year." Pre&iously, at a press conference

in Ottawa on Novembep 6, 1960, Bhabha was reported to havé said the‘U.S.S.R.

had agreed to désign natural uranium and fast breeder power stations for

India. At the inauguration ceremonies, he gave ho>£urther information on

the agreement, nor to date has the Consulate General been able to develop

any.

Prime Minister Nehru .in a speech described by the press as "one of

the most scathing", "one of the fightingest" of his career-—attacked those

of "limited vision and restricted thinking" who questioned the economics

of a reactor program at this stage of India's economic development. Referring

to India's "epic struggle to revolutionize the life in her 550,000 villages",
~——-—-—--he—asserted;"We do not want tomorrow to slip out of our hands by getting

entangled with the problems of today." He spoke at length of nuclear

energy as a great power for good but recognized that “its other use could

not be ignored lest all our good thoughts and deeds be swept away." The

Prime Minister did not elaborate on the latter remark, which seemed, however-

to refer to India's well known stand against the use of atomic weapons;

nor did this remark elicit any comment in press or official circles,'to

the Consulate General's knowledge.

Source: http://www.e]Ibertwohlstetter.com

In his more recent speech, Nehru also paid tribute to the assistance
India had received in her atomic energy program '"mot only from Canada but
also from other countries which are advanced in the field, such as France,

the United Kingdom, the United States, and also--to some extent--the Soviet

Union."
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Facilities Formglly Inaugurated--The facilities. that were formally

inaugurated on January 16, 1961, were as follows:

1. Canada-India Reactor (CIR)--The reactor is a éubstantially mddi—
fied version of the Canadian NRX reactor, in operation at Chalk
River since 1947. It is fueled with 10 égﬁs of natural uraniuﬁ
(half from Canada, half from thelFuel Element Fabrication Facility
at Trombay) and is moderated by 21 tons of he#vy water (from the
U.S.). The cooling system is believed to be unique--consisting
of a primary circuit of fresh water and an attached heat exchanger
through which sea water flows in a secondary circuit from and back
to the harbor via a 3,200 foot jetty. Exhaust air is discharged
from a 400 foot stack, the highest in India. The function of
CIR is fourfold-fl) to establish the different characteristiés
of materials'for other reactors under actual operating conditions
of temperature pressure, and radiation field; 2) to assist imn
basic research in biology, chemistry, metallurgy, and physics,
particularly in experiments on breeding the thorium which India
has in abundance into fissile U-233; 3) to produce radioisotopes;
and 4) to provide training and experience for DAE personnel. The
Reactor went critical on July 10, 1966, and has gradually been
worked up to a power level of 17.5 megawatts, the highest any
reactor in Asia has achieved so far. By mid-1961, it may be
operating at the maximum power output of 40 MW. The decision

]
to build the reactor was made in 1954 and an offer of assistance
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wag advanced by Canada under the Colombo Plan, Final discussions

were held in Geneva in 1955 at the time of the First U.N. Confer-

" ence on the Peaceful Uses of Atomic Energy and a formal agreement

was signed in New Delhi in April 1956. Construction had been
started in December 1955 by Indian Rare Earths Limited, a public
sector company. Atomic Energy of Canada-Limited originally
planned to complete work by 1957. The peak employment of Canadian
engineers was 32. The last four left in December 1960. It has
been reported that the original estimated cost was $5.5 for
equipment, $2.0 for engineering, and Rs. 3.5 crores ($7.35)

as the Indian contribution or a total of $14.85 million. The

final cost is now put at Rs. 11.4 crores ($23.94 million), split

about evenly between India and Canada. The day before the opening
ceremony, a final grant of $600,000'was announced by Mr. Churchill
as part of Canadian assistance to India under the Colombo Plan

for 1960-61, amounting to $25 million. The Reactor project is

the largest so far undertaken in the field of international
cooperation in the peaceful uses of atomic energy. When it
reaches full power, CIR will be one of the largest research and
isotope producing reactors in the world. Enclosure No. 4 provides
further details on CIR. Bombay despatches on the subject include
D~211, September 25, 1959; D-182, September 14, 1959 and D-549,

April 20, 1960.

Uranium Metal Plant--This small plant is designed to purify the

crude uranium fluoride obtained as a by-product of the Thorium
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3.

Plant at Trombay and so produce nuclear pure uranium for CIR

and the other natural-uranium fueled research reactor, ZERLINA.
Its capacity at present is 30 tonms of uranium ingots a year, with
scope for expansion up to 100 tons a year. Entirely an Indian
project, it was. started in December 1957 and went into regular
operation in April 1959. The plant also serves to collect opera-
tional data and train personnel for larger units to be set up in

the future.

Fuel Element Fabrication Facility—-Another all-Indian project,
the Facility converts the ingots produced at the Uranium Metal
Plant into fuel elements for the CIR (for which it has manu-
factured half the requirement) and for ZERLINA (for which it has
manufactured all). It also makes thoria pellets for irradiation
in the CIR to produce U-233. Like the Uranium Metal Plant, the
Facility has a capacity of 30-40 tons a year, with scope for
expansion up to 100 tons. As such, the two plants are said to
be ultimately sufficient to supply the annual feed for a nuclear
power station of 250 MW. (The first station planned--at
Tarapore, north of Bombay--will have a capacity of 300 MW.) The
Facility, however, is not intended to be full scale. Nor does it
wholly process the fuel elements: pending the completion of a
Central Workshop at Trombay, the end pieces of the elements are
machined at the Hindustan Machine Tools Limited, a public sector
plant at Bangalore, Mysore State, and at a small temporary work-

shop at the Tata Imstitute of Fundamental Research, the national
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center for advanced study in nulear science and mathematics in
Bombay. The first prototype fuel element was produced in June
1959. .Two others were sent to Chalk ﬁiver for testing and repox-
tedly are still in use. The cost of the installation has been put
at Rs.81 lakhs ($1,710,000), of which Rs. 46 lakhs ($840,00) was
foreign exchange. The‘Facility reportedly now saves the GOIL Rs.
45 lakhs ($945,000) annually in foreign ;xchange. It also is

said to entitle India to the claim of being the first Asiatic

country to produce its own nuclear fuel elements.

4. ZERLINA--India's third research reactor, ZERLINA is a Zero Energy

Reactor for Lattice Investigations and New Assemblies. 1Its

maximum designed powe; level is only 100 watts and so no coolant
"__w“__“m“_*_zfgneeded. From the lattice girders on its top, various types
of fuel elements can be suspended; at present, they consist of
natural uranium mixture of the two, or an organic liquid. The
moderator currently consists of 15 tons of heavy water, provided
by the U.S. AEC on July 1, 1959 under a lease arrangement that
permits the GOI to suspend its usual objections to safeguards and

to allow inspection in this instance on the grounds that material

concerned is not Indian-owned. The reactor is to carry out

Source: http://www.albertwohlstetter.com

experiments on various fuels and moderators--in different ratios,
at different moderator temperatiures, and with different 1lattice
spacing--in order to determine optimum configurations for future

reactors. Designed and erected entirely by the Engineering
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Division of the Atomic Energy Establishment,'ZERLiNA was scheduled
to begin operation in the summer of 1958. However; construction
of the building in which it was to be housed was delayed and the
reactor itseif‘was not started until the spring 65 1960. ZERLINA
went critical on January 14, 1961, two days before the opening

ceremony. Its cost has been put at Rs. 10 crores ($21 million).

5. Heavy Water Reprocessing Plant--Started in January 1960, the
plant was to be commissioned in August but did not get into
operation until December 10, 1960. Yet another all Indian
effort, the plant is to reconcentrate heavy water that has
become "downgraded" while serving as moderators in the CIR and
ZERLINA by the absorption of ordinary-water vapor or accidental

et e e r—— e

nixing with ordinary water.

Existing and Future Facilities--With the inauguration of the five

installations described above, the following outline can be drawn up of the
fapilities of the Atomic Energy Establishment, Trombay. Detailed descriptions
are available in Enclosure No. 5, a special issue on nuclear energy of the
magazine "Industrial India" published this month, and in Enclosure No.6,

the Atomic Energy Department's Annual Report for 1959-60, covering

developments through February 1960.

I. Reactors fo; Research and Development,
1. Apsara--Indian's first reactor, Apsara was started in May 1955,
went critical on August 14, 1956, and commenced around-the-clock

operation in November 1958. Designed and built entirely by Indian
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II.

. engiueefs, Apsara (the name of a species of celestial water

nymbh from Indian'Mythology) is a 1 MW reaétor of the "swimming
poélh tfpe, moderated by ordinafy water~aﬁd fueled with 40% enriched
uranium provided by the U.K. Atomic Energy Authority. After -
operation for some 2.2 million kilowatt hoqrs.a; a progressively
higher annual rate, the feactor was closed down in early August

1960 for maintenance work, repairs, and improvements. Scheduled
originally for recommissioning in November, Apsara suffered a

fortnight's delay and resumed operation in mid-December 1960.
CIT--40 MW, heavy-~water moderated, natural uranium fueled

ZERLINA~-100 watt, currently heavy-water moderated, natural-

uranium fueled.

Production Facilities

1.

Thorium Plant--described as one of largest in world; from crude
thorium hydroxide, produces pure thorium nitrate for gas-mantle

and other induétries, uranium fluoride for Uranium Metal Plant, and
thorium oxide for production of U-233.

Uranium Metal Plant--just inaugurated.

Fuel Element Fabrication Facility--just inaugurated.

Heavy Water Reprocessing Plant--just inaugurated.

Used Fuel Reprocessing of Plutonium Plant (Project Phoenix)--a small
pilot plant for the recovery of plutonium from irradiated fuel

elements; now under construction, scheduled for completion in 1962.
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6. Stable Isotopes Plant--designs under study.

7. Central Workshop—under consideration; to serve functions now
fulfilled by Hindustan Machine Tools Limited,.Bangalore, Mysbre

State, etc.

8. Graphite Workshop——~has machined the 50 tons of graphite for thermal

column in CIR, a process originally expected to be done in Canada.

III. Research Activities
A. Physics Group, consisting of following Divisions
Theoretical Physics and Applied Mathematics

Nuclear Physics (has 5.5 Me V Van de Graff accelerator, expected
to. go into operation this year)

Reactor Control
Air Monitoring

Health Physics

Electronic (in 1950-60, produced 713 electronic instruments or
some Rs. 10 1lakhs/$210,000 worth)

B. Chemistry Group, consisting of following Divisions
Analytical
Chemistry
Radiochemistry
Isotopes

C. Engineering Group, consisting of following Divisions
Reactor Engineering
Chemical Engineering

Metallurgy
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D. Biology and Medical Group, consisting of following Division

Medical and Health

Biology, consisting of following Sections
Radiation Genetics and Radiobiology
Biochemistry

Organic Chemistry
Plant Physiology

Food Irradiation

IV. Other Activities

Mass Spectrometer and Scintillator Projects

Scientific Information Division (abstracting and translations)

Training School

- e mae ————— e

‘:Dgpartment of Atomic Energy--In order to Put the new installations

further into context, it should be noted that the Atomic Energy Establishment

under which they fall is but one part of the Department of Atomic Energy,
a Ministry-level body, of which Nehru himself is the Minister and Bhabha
the Secretary. The Department is assisted and guided by an Atomic Energy
Commission of three members—-Dr. Bhabha, Chairman; P, N. THAPAR, Member

(Finance); and Dr. K. S. KRISHNAN, Member (Science). The Department's

activities may be summarized as follows:

I. Atomic Minerals Division--During 1959-60, with a staff of 724

technicians and administrators, the Division engaged in surveys

for uranium and thorium by air, by "radiation jeep," and on the

ground and also in exploratory mining. Reserves of uranium ore,
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IT.

for the most part in Bihar and Rajasthan, have reportedly been
proven adquate to produce 406 tons of uranium metal--enough to
serve the first 300 MW power station for more than 10 years.
Thorium deposits, mainly along the Kerala and Madras coasts and
in Bihar, are estimated at over 500,000 tons, the largest in the
world. The Division maintains physics, ?ineral technology,
petrology, and chemistry laboratories It also encourages the
public to explore for radioactive minerals by loaning out Geiger
counters free of charge.
Mining and Industrial Operations
A. Travancore Minerals Limited——A public~sector company organized
in 1956, it has taken over the Government Minerals Concern of
Madras State and with capital now held 50% by the GOI, 45% by
Kerala State, and 5% by Madras, it is one of the three major
firms engaged in mining and processing the mineral sands of
Kerala and Madras. The most abundant mineral constituent in
the sands is ilmenite, the bulk of which is exported for
industrial uses in the United Kingdom and the United States.
From the tailings of ilmenite production, monazite is separated.
The sands also are rich in rutile (from which titanium metal
can be extracted) and zircon (whence comes zirconium metal,
now gaining acceptance as a structural material in nuclegr

and chemical engineering).
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Indian Rare Earﬁhs Limited--This company, owned jointly by the
GOI and Kerala State, receives the monazite sand and in a plant
at Alwaye (Kerala State), opened in 1952, separates the
constituent parts: rare earths, trisodium phosphate, and
thorium and uranium. The latter are then sent for further
processing to Thorium Plant at Trombay, also operated by Indian
Rare Earths Limited. )

Ore-dfessing Plant, Ghatsil (Bihar State)--A pilot plant

has been set up attached to the Indian Copper Corporation

to recover uranium from the tailings of copper ore, but

from an economic point of view, recovery is still not
satisfactory.

Heavy Water Facility, Nangal (Punjab State)--Part of the
Government's Nangal Fertilizer plant, this facility is
scheduled to go into operation by the end of this year and

to produce 15-20 tons of heavy water annually. Linde of

West Germany is repomsible for supply, erection, and commis-
sioning, and Vitro International, New York, have been retained
as consultants and architect-engineers.

Graphite Plant--The question of setting up such a plant is

now under consideration. Graphite, like heavy water, is

used as a moderator of neutron bombardment to increase the
likelihood of nuclear fission; it is also used as a reflector

to bounce neutrons back into the core of a reactor.
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III,

Iv.

Research Activities
A. Atomic Energy Establishment, Trombay
B. Tata Institute of Fundamental Research (in physics and

mathematics ), partially supported by the DAE

Office of the Officer on Special Duty (Poyefj, Bombay--

This office is to plan and supervise the sefting up of nuclear
power plants in India. The first is definitely scheduled for
the Third Five Year Plan--a 300 MW, heavy-water moderated,
probably natural-uranium fueled plant at Tarapore, north of
Bombay (see Bombay despatch 248, October 14, 1960, and previous,
also page 42-43 in Enclosure No. 5). A second plant has been
proposed during the Third Plan for the Delhi-Punjab-Rajasthan
area--150 Mw; natural-uranium fueled (see Bombay telegram 292,
January 14, 1961, and G-392, January 14, 1961). However, no
mention of it was made either in the publications issued or the
speeches made in the course with the inauguration week's

activities.

Over-all Program—- The new installations and the others described

above are pointed toward several objectives--basic research; the production
of radioisotopes for use in agriculture, biology, industry, and medicine;
and the development of a self-sustaining system of generating electrical
power through nuclear energy. With respect to the last objective, the
Controller of the Atomic Energy Establishment, E. D. ALLARDICE, writes on

page 3 of Enclosure No. 5 as follows:
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. "The programme is, briefly, to set up in stages three types
of power reactors which, in addition to producing electricity,
also produce fuel for other reactors: in the first stage

natural uranium after appropriate purification is fed as fuel to
a reactor} when this uranium fissions the irradiation converts some
of the uranium 238 into plutonium--another element which, like
uranium 233, does not exist in nature and can also be used as a
fuel. 1In the second stage, when sufficient plutonium has been

produced, it is used as a fuel in another type of reactor, and

surrounded by thorium; as a result of irradiation, some of the
thorium is converted into uranium 233. In the third stage, when
a sufficient quantity of uranium 233 has been produced, it is used
as fuel in yet another type of power reactor in which thorium is
again introduced; the thorium is again converted into more
uranium 233 and in fact produces more than is actually consumed.
Theis type of reactor is known as a "breeder" reactor and all

that is required to feed it is additional thorium--of which India
has a super-abundant supply." ‘

For the Consul General:
/s/Sidney Sober

Sidney Sober
American Consul

e e e e e e e v - ——— e -
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Addendum D

January 24, 1961
FROM

..

AMCONSUL, BOMBAY, INDIA
TO ¢ The Department of State, Washington

SUBJECT: ATOMIC ENERGY: Symposium on Nuclear Power, Bombay

SUMMARY

At a Symposium on Nuclear Power held in Bombay during the two days
following the inauguration of the Canada-India research reactor and other
facilities at Trombay on January 16, 1961, the two prominent Canadian
representatives spoke of the advantages to their country of the heavy-
wate; moderated system of power reactor which they favor. The French
touched incidentally on natural gas as a conventional alternative to
nuclear power, an alte;native rarely mentioned by the Indian Atomic
Energy Commission in its defense of the econoﬁics of its own power
program. The Russian delegate, V. S. EMELYANOV, could not come and was
replaced by 0. D. KAZACHKOVSKIY, described as Scientific Director of the
BR-5 Fast Reactor. Possibly against the background of an announcement
of a broad agreement between India and the U.S.S.R. on fast and natural
uranium reactors,his speech reportedly elicited more questions from the
large audience than any other. Sir Roger MAKIN of the U.K. spoke force-
fully on the necessity for early actual experience in building a power
reactor in a nuclear power development program in scientifically advanced
countries. The U.S. speakers, Dr. Robert E. WILSON, Commissioner, AEC,

and Dr. Robert A. CHARPIE, Oak Ridge National Laboratory, concluded the

3-193



Source: http://www.albertwohlstetter.com

Symposium with a summary of the U.S. reactor program (copy attached) and
an addréss on the role of thorium systems in nuclear energy production.
x k '
Following the inauguration of the Canada-India research reactor and

other facilities at Trombay by Prime Minister Nehru on January 16, 1961

(see Bombay despatch 435, January 24, 1961), the Iﬁdian Department of

Atomic Energy held a Symposium on Nuclear Power at the Regal Cinema in
Bombay on January 17-18, 1961. At each of the four meetings, both orchestra
and balcony of the theater were crowded with Indian members of the
Deaprtment staff, students, engineefs, and scientists. Many qdescions wére
reportedly put to each of the speakers, and it was only with reluctance

that the theater was surrendere& in the afternoon to the devotees of the

current offering at the Regal, Elvis Presley in "GI Blues."

The program of the Symposium was to have the leaders of the major
foreign delegations, in each instance an important official of the
Atomic Energy Commission of the country concerned, review the past progress
and future plans of the country in the nuclear power field, and then
have the eminent scientists in the delegations deliver addresses of a more
technical nature on a particular phase of reactor development of interest
or applicability to the Indian scene.

The consulate Genereal has been informed that the speeches will be
published. At that time copies will be forwarded to the Department. Mean-—
while, the following observations are offered by a Consulate General officer
without technical training who attended part of the first three meetings

and all of the last.
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Canada

On the morning of January 17, 1961, after introductory remarks by
Dr. Homi BHABHA, Chairman, Indian Atomic Energy Commission and Secretary,
Department of Atomic Energy, Mr. J. L. GRAY, Presidené, Atémic Energy
of Canada Limited, described the Canadian approach to nuclear power,
with its emphasis on the use of heavy water.as a moderator. He asserted
that such power reactors had been found most suitable to the Canadian
scene and also extremely flexible. Dr. W. B. LEWIS, Vice President, Atomic
Energy of Canada Limited, followed with an address, not heard by the
Consulate General observer, entitled "Designing Heavy Water Reactors for

Neutron Economy and Thermal Efficiency."

France

In the afternoon, Prof. F. PERRIN, member of the French Academy of
Sciences and High Commissiqner, Coﬁmissérist de l'ﬁnergie Atomique,
spoke on the French nuclear power program. At one point he referred to
the improvement in France in the matter of low cost and high efficiency of
conventional power, stating that a new major source for such power would
be available in the future in natural gas piped under the Mediterranean
from the Sahara. This portion of the speech had particular pertinence
to India inasmuch as there are reserves of natural gas in Sui and Mari,
across the Rajasthan border in Pakistan; some effort has been made by the
Govermment to arrange for import of a supply of this gas; and the Mari
field may extend into Rajasthan itself. Yet rarely in the defenses offered

by the Indian Atomic Energy Commission of the economics of nuclear power
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reactor construction at the present stage of India's development, is uatural

gas ever mentioned along with coal, hydro—electrlcity, and oil as a
source of power as an alternative to and competitive with nuclear evérgy.
In another speech, not heardrby the Consulate General representéti&e,

M. J. HOROWITZ, Chief of the Department of Study of Atomic Piles,

Commissariat de 1'Energie Atoﬁique, spoke on a project for a power reactor

moderated by heavy water, with extraction of heat by gases under pressure.

U.S5.S.R.

On the opening morning of the next day, January 18, 1961, Professor
V. S. EMELYANOV, Corresponding Member of the Soviet Academy of Sciences,
Chairman of the State Committee of the Council of Ministers for the peaceful
Utilization of Atomic Energy, aﬂa a visitor to India in early 1960, was
scheduled to speak, together with "another representative" of the U.S.S.R.
- “7""““-'Ai—zgémiggzﬂ;inute, however, Emelyanov could not come to attend the week's
event, on the occasion of the opening of the facilities at Trombay. He
was teplaced by Oleg D. KAZACHKOVSKIY, a tall rough~hewn man in his early
forties, described as the Scientific Director, BR-5 Fast Reactor (location
not specified). Through a "simultaneous translation" which actually was a
reading of his paper in [illegiblé] from the translator's booth while

Kazachkobskiy mumbled Russian words almost inaudibly from the rostrum, a

technical description of the BR-5 was given. Little of the speech was

Source: http://www.albertwohlstetter.com

comprehensive to the Consulate General observer. It appears that the
BR-5 is a 5 MWe or 100 MWt reactor and represents a pilot project for
two larger power-producing fast reactors of 50 MWe and 250 MWe. The

subject proved of interest to the audience, perhaps in relation to
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Dr. Bhabha's repetition at the opening ceremonies on January‘16, 1961, of4
the annoucement that India had negotiated a‘broad agreement with the
U.S.S.R. on fast and nmatural-uranium reactos. According to a number of
observers, kasachkovskiy's addteés elicited more questions than.apy other
during the symposium. A spirited but friendly exchange arbse between
Kazachkovskiy and Dr. Lewis, of Canada, when the fo}mer attempted to
dispel the pessimism the latter had expressed in his speech concerning the
future prospects of fast reactors. Kazachkovskiy ended the discussion by
proclaiming that it was by the joint experience of all countries in

nuclear power development that the optimum reactors would be achieved.

United Kingdom

On the afternoon of January 18, Sir Roger MAKINS, Chairman, U.K.

---Atomic ‘Energy Authority, delivered a forceful address on nuclear power

policy in the United Kingdom. In it he mentioned the "stretch-out" which
England's nuclear power program had had to undergo when following an

overly dire forecast in 1955 of conventional power potential and the
initiation of an accelerated program to build nuclear power reactors, it
was later found that conventional power costs actually were dropping while
long~term interest and development costs on the reactors rose. Still Sir
Roger felt that cost per kilowatt hour from nuclear power in England would
fall below that from conventional power by the end of the present decade.
He also went on to argue cogently on the subject of the economics of

power reactor development raised in Professor Perrin's speech. The French-
man had implied and Makin now stated that the justification of power reactor

development in a scientifically advanced country lay elsewhere than in
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economic consideratiomns over the short and medium term. It lay instead in
the necessity--given the vast areas of the unknown in nuclear power—

for each such country to move ahead with building its own reactor an&
thereby gain the experience and knowledge necessary to launch an economice
program of power generation by nuclear means. Study of design or profiting
from the material developed in the programs of other countries are not
enough, he said. The scientifiéaily equipped nati;n must make its own
mistakes if an economic power reactor suited to its needs is ever to be
developed. In a third and final address and discussion not attended by
the Consulate General representative. Sir John COCKCROFT, inter alia

a member of the U. K. Atomic Energy Authority, continued with tangible

illustrations of Makin's theme in a speech entitled "The British Experience

in the Technical Development of Nuclear Power."

United States

On the same afternoon, Dr. Robert E. WILSON, Commissioner, AEC,
and leader of the U. S. delegation to the opening ceremonies, summarized
the U. S. reactor program. Six copies of his speech are attached as
Enclosure No. 1. Dr. Robert A. CHARPIE, Assistant Laboratory Director
(Reactors), Oak Ridge, followed with a paper on the role of thorium
systems in nuclear energy production, a subject of interest in view of
the large thorium deposits in India. Six copies of a news release on
this speech and Dr. Wilson's, as put out by United States Information
Service, are attached as Enclosure No. 2.

For the Consul General:
/s/Sidney Sober

Sidney Sober
American Consul
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ERDA file of 3/27/56

Addendum E

ABSTRACT OF DEPARTMENT OF STATE REPORT
ON NUCLEAR POWER POTENTIAL IN INDIA
MAY 17, 1955

Possibly no underdeveloped country has evidenced such active interest
as India in atomic energy as a new source of power. H. J. Bhabha, Chair-
man of India's Atomic Emergy Commission, will be president of the forth-
coming United Nations Geneva Conference on Atomic Energy. In 1933,

Dr. Bhabha is quoted as stating that atomic energy offers the "only chance"

of raising the standard of living of India's and Pakistan's combined popu-
lations of 450,000,000.

However, the capital costs of nuclear power plaunts must be reduced

substantially below present levels before they can compete with convention-
al thermal plants in India. As long as India's electric power system has

a low rate of capacity utilization, the prevailing higher overhead charges
for nuclear power attributable to heavier investment costs will outweigh

any possible savings in the fuel element. Even if one makes the unlikely
assumption that India will be able to construct nuclear power plants in the
near future as cheaply as the U.S. and that the cost of fissionable materials
will be negligible, nuclear power plants would have to achieve a capacity
utilization rate of 50 percent in India to compete with conventional

thermal plants in average cost coal areas. The present average capacity
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utilization is 30 percent at most. Nuclear power will yield moderate
savings under the above assumptions as to investment costs and a 50 percent
capaﬁity utilization rate only where coal costs are approximately double the
national average, as they apparently are in Travancore-Cochin. The achieve-~
ment of these savings will be limited to large power étations of ébout
100,000 kw. Smaller nuclear plants would have substantially higher generating
costs which would diminish or eliminate any savings. The size factor may
further restrict the opportunities of utilizing nucleaf power in India since
up to the present the demand for large steam power stations has been limited.
In 1952, only seven of India's 90 steam plants had a capacity of 50,000 kw
or larger. Finally, the prospect.of some improvement in India's transpor-
tation system and the exploitation of large low-cost lignite deposits south
of Madras may well lower relative coal costs in the next few years.

Over the longer run technological progress may well cut the capital
costs of nuclear plants to the level of conventional plants as well as
reduce the nuclear fuel charge to a negligible amount. In this event nuclear
power, in the absence of an increase in capacity utilization and on the
basic of present conventional power costs, would yield maximum savings of
4.9 mills per kwh or about 28 percent of total power generation costs in the
highest cost coal areas. Such savings would contribute to but by no means

eliminate the major obstacles to India's economic growth.

3-200



Source: http://www.albertwohlstetter.com

Addendum F

June 12, 1974

A. S. Friedman, Director, International Programs

TARAPUR SHIPMENT SCHEDULED FOR JUNE 17

In order to make sure that there is a complete understanding on this matter,
the following is the basis on which I am now proceeding:

l.

2.

The Chairman (T. Rehm) has asked that the Tarapur shipment be held
up, if necessary, until DIP has made a recommendation to the
Commisgion on Tarapur safeguards and other relevant matters. Hope-
fully, this would take place before the scheduled shipment on June

17. My understanding is that Bill Yeomans will follow through on
this,

NSC (Elliott) has contacted "the White House at Salzburg" and advises
that the Tarapur shipment is not to be held up for "political rea-
sons"”. If there are technical problems with the safeguards it might

be held up, but NSC would like to know if we anticipate any such

problems as soon as possible.

In view of the foregoing--and particularly item 2--I am taking no speci-
fic action at this time to stop the shipment. Pete and I would be glad
to discuss with you the implications of stopping the shipment were it

to become necessary.

cc:

Original signed by D. B. Hoyle

Dixon B. Hoyle, Assistant Director
for Supply and Market Policy
Division of International Programs

IP:ADASL
IP:M&S
0GC
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SECY-75-74

July 23, 1974 AEC INFORMAIION.REPORT

NOTE FOR: Chairman Ray
Commissioner Doub
Commissioner Kriegsman
Commissioner Anders

THRU ¢ General Manager

.RESPONSE FROM INDIAN AEC CHAIRMAN TO CHAIRMAN RAY'S JUNE 19 LETTER RE

ASSURANCES ON TARAPUR FUEL

Enclosed is a copy of a letter dated July 10, 1974, from Indian AEC Chair-~
man Sethna to Chairman Ray, transmitted to the State Department by the
Indian Ambassador in response to Dr. Ray's letter of June 19, 1974, in which
assurances were requested on non-PNE use of US-supplied material or equip-
ment for the Tarapur atomic power project. -The original of the enclosed

is being sent over from State. A copy of Dr. Ray's June 19 letter is also
enclosed for information.

Staff recommendations relating to the Indian letter are under consideration.

A. S. Friedman, Director
Division of International Programs

Enclosures:

1. Ltr dtd 7/10/74 frm Indian AEC Chairman
2. Ltr dtd 6/19/74 to Indian AEC Chairman
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June 19, 1976

Dr. Homi N. Sethna, Chairman
Indian Atomic Energy Commission
Chhatrapati Shivaji Maharaj Marg
Bombay 1, India

Dear Dr. Sethna:

Ag you are aware, a five—part shipment of enriched uranium fuel for the
Tarapur reactors has been scheduled for the period between June 15, 1974
and April 1, 1975. Delivery is being made of the initial portion of this
shipment.

In this connection, the United States Government wishes to emphasize its
understanding, expressed most recently by the U.S. representative to the
IAEA Board of Governors on June 12, 1974 (1) that the use in or for any
nuclear explosive device of any material or equipment subject to United
States Agreements for Cooperation in Civil Uses of Atomic Energy is pre-
cluded and (2) that under the safeguards agreements related to such Agre«-

.ments. for_Cooperation, the IAEA is responsible for verifying; inter alia,

that the safeguarded material is not used in or for any nuclear explosive
device. The United States Government has permitted this initial part of
the shipment to proceed only on the basis of the foregoing understandings
and on the assumption that the Government of India will respect these
understandings. ‘

The United States Government requests confirmation by the Government of
India, prior to the date of the next scheduled portion of the shipment,
that it will take no actions which are inconsistent with the foregoing

understandings.

Sincerely, Comm. Larson concurs.

(Original signed by Dixy Lee Ray) Comm. Kriegsman concurs.

Chairman Comm. Anders noted, but would
have preferred withholding cur-

bee: SECY (3) J.Poor, ISA rent initial shipment until
G REG response fm Indians was obtained
0GC AA/LA, TP
E. Giller, GM D.Hoyle,IP Comm. Doub agrees with Anderson
W. Yeomans,IP would like to have discussed at
IP AGMA IAGM DGM GM Comn. ‘mtg.
FRIEDMAN: ked
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Government of India .
Atomic Energy‘Commissioh.'

Office of the Chairman : S 10 July 1974
No. 272-74
Dear Dr. Ray,

Please refer to your letter dated June 19 1974 which was handed over
to our Ambassador at Washington.

2. The Government of India regrets that it is unable to share the under-
standing of the United States Government expressed recently by the United
States Representative to the IAEA Board of Governors on June 12, 1974 (1)
that the use in or for any nuclear explosive device of any material or equip-
ment subject to United States Agreements for Cooperation in Civil Uses of
Atomic Energy is precluded; and (2) that under the safeguards agreements
related to such Agreements for Cooperation, the IAEA is responsible for
verifying, inter alia, that the safeguarded material is not used in or for
any nuclear explosive device. The Government of India is of the opinion
that this understanding does not flow from the Agreement for Cooperation
between the two Governments concerning the construction and operation of
the Atomic Power Station at Tarapur.

3. Under Article II of the Agreement, the United States Atomic Energy
Commission has contracted to sell to the Government of India all require-
ments of enriched uranium for use as fuel at the Tarapur Atomic Power Station,
it being understood that the Tarapur Atomic Power Station shall be operated
on no other special nuclear material than that made available by the United
States Atomic Energy Commission and special nuclear material produced there-
from. Under Article VI, the parties to the Agreement have emphasised their
common interest in assuring that any waterial, equipment or device made
available to the Government of India for use in the Tarapur Atomic Power
Station, or in connection therewith, pursuant to the Agreement shall be

used solely for peaceful purposes. However, the Government of India had
emphasised in this Article, in contrast to the position of the United
States, that its agreement to the provisions of Article VI was accorded

in consideration of the fact that the Tarapur Atomic Power Station will

be operated on no other special nuclear material than that furnished by

the United States Government and special nuclear material produced there-
from. The safeguards provisions of Article VI of the Agreement for Coopera-
tion were later on transferred under a Trilateral Agreement to the Inter-
national Atomic Energy Agency.

4. I would like also to draw your attention to Clause F of Article II

of the Agreement for Cooperation under which the United States Government
has the first option to purchase the special nuclear material produced in
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the Tarapur Atomic Power Station which is in excess of the need of the
Government of India for such material in its programme for the peaceful
uses of atomic enmergy. I would like to state that the Government of India
is prepared to return to the United States Govermment special nuclear
material produced in the Tarapur Atomic Power Station at a mutually agreed
price except a quantity which could be required for recycling in the.
Tarapur Atomic Power Station as provided under Clause A of Article II, the
amount being arrived at after mutual consultations.

5. May I suggest that in case the U.S. Government wishes to incorporite
changes in the existing agreement, that we meet and discuss this mattexr?
If you will recollect, you have agreed to.visit India this year and this
matter could .be discussed and finalised at that time,

6. In the meantime, I hope that my suggestion regarding Spécial nuclear

material produced in the Tarapur Atomic Power Station wouyld be acceptable
to the U.S. Government and that there will be no difficulty in the United
States  Atomic Energy Commission adhering to the shipments of enriched
uranium and other materials need for use at or in connection with the Tara—
pur Atomic Power Station.

With best wishes,

Yours sincerely,

(H. N. Sethna)

Dr. Dixy Lee Ray
Chairman
U.S. Atomic Energy Commission

Washington
U"s .A.

HNS :kv:
10-7-74
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August 29, 1974

NOTE FOR: David N. Jenkins, Technical Assistant
to the Chairman

STATUS OF TARAPUR SAFEGUARDS SITUATION

On August 27, 1974, a representative of the Indian Embassy called at the
State Department to deliver the official Indian response to our proposed
reply to Dr. Sethna's letter of July 10.

The attached letter shows the Indian proposed deletion. Also included is
a draft U.S. counterproposal which accepts the Indian deletion but then
modifies the last phrase of that sentence. This counterproposal was pre-
pared by State and informally concurred in by NSC. OGC is currently re-
viewing it.

The Indian representative was advised that their proposed deletion caused
us some concern in view of possible ambiguity in the remaining language
and that after reviewing this we would be back in touch with them.

Gerald F. Helfrich
Deputy Director
Division of International Programs

Attachment:

Draft Letter to Dr. Sethna
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PROPOSED REPLY TO DR. SETHNA'S
LETTER OF JUNE 10, 1974

Dear Dr. Sethna:

Thank you for your letter of July 10 responding to miné of June 19
concerning shipments of enriched uranium fuel and other material to the
Tarapur atomic power station.

Your response leads us to believe that we may not have made suffi-
ciently clear the nature of the assurance we need. What we ask is simply
written assurance from your government that the special nuclear material
that has been or 1s hereafter made available for, or used or produced in,

-----the -Tarapur-atomic power station will be devoted exclusively to the needs
of that station or other agreed purposes* (that do not include use in a
nuclear explosive device).**

We look forward to hearing from you on this in order that we may
promptly proceed with further shipments.

Sincerely,

Dixy Lee Ray

Source: http://www.albertwohlstetter.com

*US counterproposal would read: "or other purposes which will be
mutually agreed by the two governments."

**Indians want this deleted.
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September 11, 1974

Paul C. Bender, Secretary

TARAPUR FUEL

SECY 75-90B, Tarapur Fuel, requests Commission concurrence in a proposed
exchange of letters between Chairman Ray and Indian Atomic Energy Com-
mission Chairman Sethna concerning shipments of enriched fuel and other
material to the Tarapur atomic power station. Thig paper had been sched-
uled to be discussed at a Commission meeting on the morning of Tuesday,
September 10. The September 10 meetings of the Commission, however,

were cancelled and at the request of Chairman Ray, I polled the Commission-
ers individually. " '

The course of action proposed in SECY 75-90B was approved by Chairman Ray,
Commissioner Anders, and Commissioner Kriegsman, and the State Department
and the National Security Council are informed that this course of action
now has Commission approval.

A. S. Friedman, Director
Division of International Programs
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. September 16, 1974

‘Dr. Homi N. Sethna

Chairman

‘Atomic Energy Commission

Bombay, India

Dear Dr. Sethna:

Thank you for your letter of July 10 responding to mine of June 19, 1974
concerning shipments of enriched uranium fuel and other material to the

Tarapur Atomic Power Station.

Your response leads us to believe that we may not have made shfficiently

“clear the nature of the assurance we need. What we ask is simply written

assurance from your Government that the special nuclear material that has
been, or is hereafter made available for, or used or produced in, the
Tarapur Atomic Power Station will be devoted exclusively to the needs of that
station unless the two Governments hereater specifically agree that such
material be used for other purposes.

We look forward to hearing from you on this in order that we may promptly
proceed with further shipments.

Sincerely,

Dixy Lee Ray
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Government of India
Department of Atomic Energy

\ September 17, 1974

Office of the Secretary

Dear Dr. Ray,

I thank you for your letter dated 16th September 1974.

The Government of India would like to reassure the Government of the
United States of America that the special nuclear materials that has been
or is hereafter made available for, or used, or produced in the Tarapur
Atomic Power Station located at Tarapur will be devoted exclusively to the
needs of that Station unless our two Governments hereafter specifically
agree that such material be used for other purposes.

I hope that with this assurance, the United States Atomic Energy
Commission will promptly proceed with further shipments.

With best wishes,

Yours sincerely,

(Homi N. Sethna)

Dr (Miss) Dixy Lee Ray
Chairman
United States Atomic Energy Commission
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Addendum G

New Delhi -~ List of Interviews by Albert and Roberta Wohlstetter

April 15-22, 1966

Indian Council of World Affairs S. L. Poplai, Secretary-General

S. P. Godrej, Honorary Secretary.
Bombay Branch

Indian School Of International Studies: M.S. Rajan, Director

National Defense College: Col. Pyara Lal

Economists: A. K. Sen, University of Delhi

Mrs. Kumar, University of Delhi
P. N. Dhar, Director Institute
of Economic Growth

Members of Parliament: Krishna Chandra Pant

Mrs. Sharda Mookerji
S. N. Mishra (assoc. w/ econ.planning)
Santokh Singh

Newspaper Correspondents: Maharaj K. Chopra, Indian Express

GOI

Mr.

Rohit Handa, Asst. Ed., Indian Express
(Also from The Patriot, The Times, the
Hindustani Times Weekly, the Statesman
— didn't catch their names),

Ministry of External Affairs
C.F. Jha, Secretary General
V.M.M. Nair, Joint Secretary
S. Gopal, Director of Historical Division (Policy Planning)
Cabinet Secretary: Mr. Dharma Vira (at the time also on a 4-man AE
committee, replacing Bhabha-that part of his job is now taken by Sarabhai)
Ministry of Defense: Mr. P.V.R. Rao, Secretary
Ministry of Finance: Mr. S. Bhoothalingam, Secretary
Planning Commission: Pitamber Pant, Perspective Planning Chief

and Mrs. Romesh Thapar, editor Seminar

Military: Major Gen. K.C. Khanna, Deputy Master-General of Ordinance, Indian Army

Lt. Gen. M.M. Khanna, IV Corps Commander, Indian Army

Rear Adm. S.N. Kohli, Deputy Chief of the Naval Staff, Indian Army
Air Marshal P.C. Lal, Vice Chief of the Air Staff

American Embassy: Mr. Joseph N. Greene, Jr.,

Deputy Chief of Mission
Dr. Fuller, Science Attache
Col. McKeever, Air Attache & his aide
Emerson Gardener - AID 4
Gordon Mannly - Power resources grp, Al
Nick Veliotes - 1st Sec'y PE/EX
Col. Gardner A. Williams, Army Attache
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New Delhi -- List ovandians Interviewéd, April, 1966 (conﬁ.)

Rockefeller Foundation: Mr. Chadbourne Gilpatric

Bri;ish Embassy:- Terence Q'Brien, political coumsellor

Indians Interviewed in Canada and America

Major-General D. Som Dutt, on leave at ISS
M.J. Desai, formerly Secretary General, Department of External Affairs
Dr. Raj Krishna, ecomomist on leave at M.I.T.

S.Bhagavantam, Science Advisor to the GOI Department of Defense

e v e . —————— e e r———— v —
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New Delhi '-—--List of .Indians Interv1ewed by Albert Wohlstetter

31 March to 2 April 1967

Dr. A. Appadorai,

Member, Research Board

Indian Council of World Affairs,
New Delhi

K. S. Bajpai,

Director, No. American Bureau
Ministry of External Affairs
New Delhi

Dr. P.N. Dhar, Director
Institute of Economic Growth,
Delhi

Dr. S. Gopal, Chairman,
Research Borad,

Indian Council of World Affairs,
New Delhi

Shri Sisir Gupta,

Director of Research,

Indian Council of World Affairs,
New Delhi

L. K. Jha

T Speécial ‘Secretary to

the Prime Minister
New Delhi

Shri Girilal Jain,
Assistant Editor,
Times of India
New Delhi

Dr. Raj Krishna,
Department .of Economics
University of Rajasthan,
Jaipur

Shri Jagat S. Mehta,

Joint Secretary,

Ministry of External Affairs,
New Delhi

Dr. B.D. Nagchaudhuri, Director
Saha Institute of Nuclear Physics,
Calcutta
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Shri K.R. Narayanan,

Director (East Asia Division),
Ministry of External Affairs,
New Delhi

Mar. Gen. D.K. Palit, Commandant,
Indian Military Academy,

Dehra Dun

Shri S:L. Poplai,

Secretary General,

Indian Council of World Affairs,
New Delhi

Dr. M.S. Rajan, Director,
Indian School of International Studies,
New Delhi

Dr. Vikram A. Sarabhai, Chairman,
Department of Atomic Energy,
New Delhi

Major General Som Dutt,
Director, Institute of Defense Analyses
New Delhi

{
Shri Romesh Thapar, Member '
Research Board,
Indian Council of World Affairs,
New Delhi

Dr. M. §. Venkataramani, ;
Indian School of International Studies
New Delhi

Shri B. George Verghese,
Press Advisor to the Prime Minister
New Delhi
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Addendun H

~ SHALL WE LET INDIA SEPARATE SPENT FUEL FROM THE TARAPUR REACTORS?7*

Albert Wohlstetter

1. The ﬁnited States should refuse to allow the iﬁdians to separate
the spent fuel from the Tarapur reactors. We should also refuse to let the
Indians recyc;e plutonium from any source in the Tarapur reactors. N

2. Safeguards cannot be "effectively applied" to recycling in India.
This key prerequisite for our approval -- stated in the Agreement for Cooperation --
cannot be fulfilled by any practicable accounting and inspection system applied
to the Tarapur separation plant or to other critical points in a fuel cycle that
involves manufacturing plqtonium dioxide fuel and recycling it in the Tarapur
reactors. This judgment interprets "éffective application" of safeguards to mean
assuring early detection, warning, and the possibility of counteraction before
nuclear weapons are assembled. That interpretation has been at leasf implicit
since the start of discussions on safeguards at the end of World War IT and has
been explicit in IAEA as well as in American official statements of recent'years.
No other interpretation makes sense.

3. While recycling will provide material for nuclear explosives, it is
not needed for the purpose of producing electrical power, or for any other clearly
economic purpose.

4. Measures that stop short of a ban on recycling will not preveat the

Indians from legitimately accumulating large quantities of fissile material,

chemically separated, of an isotopic composition ideal for weapons and essentially
ready for insertion in bombs.

* I have drawn freely on the work of Gregory Jones, Vincent Taylor, and

Roberta Wohlstetter. This piece was written for the Arms Control and Dis-
armament Agency on February 14, 1976, and deals with one point of policy
under consideration at the time.
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I. The Need for and the Difficulties of the Decision to Refuse Reprocessing

at Tarapur *

a) A decision to let India reprocess the Tarapur fuel would have important

effects: It would make it easy for India to get large quantities of separated

plutonium, highly concentrated in Pu 239, ready within days or hours for insertion

in a nuclear explosive. Letting'them reprocess Tarapur fuel at all would legitimate

recycling of plutonium there, and the problem is recycling, not merely reprocessing.
b) Analysis of the actual operating history of the Tarapur reactors and

reprocessing plant shows that halfway measures of constraint will not do. Some

current American proposals have this character.: While permitting or even encouraging

plutonium and

mixed /airanium oxide (MOX) fuel fabrication and plutonium recycling, they try merely

to limit the amount of separated piutonium stockéd at the output end of a chemical

separation plant and combine this with tightening "safeguards." However, the

plutonium in the unirradiated fresh MOX reloads at the front ends of the Tarapur

reactors would be enough for nearly 100 bombs, With the large Tarapur and

Trombay reprbcessing plants, the plutonium in the fresh MOX fuel éould be separated

at the rate of five bombs worth a day. That plutonium would be in addition to

what would be found in the starting and in-process invéntories at the MOX fuel

fabrication facility and the stocks at the output end of the separation plant,

and in addition to plutonium obtained by "diversion" of a small percentage in viola-

tion of the Agreement, (It is only this last diversion that is usually considered

when the bomb potential is described in terms of one or a few bombs per year.)

But if an agreement permits recycling, then tightening "safeguards" to detect

violations will not prevent the legal accumulation of the large stocks of plutonium

* This memorandum deals with the decision on whether or not to authorize India

to reprocess Tarapur fuel. The considerations advanced, however, also raise questions
about our continuing automatically to renew licenses for core reloads at Tarapur
without asking whether Indian reprocessing is compatible with the basic purpose

of our Agreement with India,
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that are inherent in recycling, Such halfway measures would meet with vocal
Indian resistance without ‘accomplishing their purpose. . - '

¢) The history of our negotiations with the Indians over the question of
safeguards makes plain that there is no way we can get controls assuring early
warning without clearly disagreeing with Indian interpretations of the Agreement.
If we accept the Indian interpretatlon, even nuclear explosives are peaceful.
A precise, calmly stated U.S, disagreement should be regarded as a plus, not a
minus. We should not hesitate to enforce our interpretation where we can. Moreover,
in spite of many statements to the contrary, we have a great deal of leverage to -
use.

d) Any effective course of. action will have to interpret our Agreement on
Cooperation with the Indians rigorously in the light of its controlling purpose
80 as to exclude recycling. One such course of action would be to refuse to
authorize reprocessing of the Tarapur fuel, T believe that we should do that and
base the decision in the first instance on the fact that safeguards camnnot be
effectively applied to plutonium acoumulated in the course of recycling if we

mean by "effectively applied" a system of. early warning that nuclear explosives

--——-are-about.te-be-made. (The President last May reiterated in a message to Congress

on nuclear exports and safeguards that the purpose of safeguards is "early detection.”
Tﬁis of course has been the main purpose of safeguards in the civilian nuclear

export programs from the start. An inspection that is not designed to provide

early warning can only euphemistically be called a "safeguard.") In the second

place we can base our refusal on the fact that reprocessed fuel is not "needed"

to fuel the Tarapur reactor in the sense that no adequate substitute is available.

The plutonium derivable from the spent fuel at Tarapur would represent a very

small proportion of the total enriched fuel requirements. The spent fuel accumulated

and stored from the Tarapur reactors in the 5 years or so since they began commercial

. operation on October 3, 1969, contains some 241 kllograms of plutonium. This

5 year total amounts to about 9% of the fissile material that would be found

in the Tarapur reactor cores.

Moreover the economics of recycling this amount of plutonium and substituting it
in the form of mixed oxide for a fraction of the uranium oxide fuel is doubtful
at best and in any case cannot substantially help kilowatt hour costs. It cannot

be argued persuasively therefore that Tarapur needs to replace eanriched uranium
with plutonium fuel.
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e) This justification for refusing the Indian request would construe the
sense of "effective application of safeguards" and "need" very strictly in the
light of the controlling intention of -the Atoms for Peace agreements. It is,
however, a common sense construction. Nonetheless it is bound to trouble some
American officials concerned with the effect on the IAEA safeguard system, on
other nuclear suppliers, and on our customers,

Some comments are in order on each of these concerns.

- On _the IAEA inspection system: The IAEA inspection system is an accounting
and inspection procedure désigned to see that agreements under IAEA inspection
are not violated, that materials are not "diverted" and that the limits of error
of material unaccounted for are kept small. However, whether or not such a system
will provide early warning depends on the nature of the agreement, on what is
excluded and what is permitted. If agreements are formulated so loosely as to
make it perfectly legal to accumulate stocks of plutonium in a form days or hours
from insertion in a nuclear explosiye, no search for violation of the agreement,'
no matter how diligent and "tight," will provide early warning. If we want to

make TIAEA inspection arrangements serve the purpose of warning, it is up to us to

--define- the--agreements so that a close approach to weapons is a violation. To -say

this does not undermine our support of the YAEA. It is a preface to making it
effective.

- On other nuclear suppliers: Other exporting governments, like our own, have

both an interest in the net gains from trade that might be made from an efficient
unsubsidized nuclear export industry and an interest in curbing the spréad of
nuclear bombs. The gains from exporting reprocessing equipment, however, are in
any case likely to be modest at best. Reprocessing so far appears on the basis

of our study to be uneconomic, even in very large separation plants like that
being constructed at Barnwell, with a capacity of 1500 MTU per year. It will be
even more uneconomic in the smaller units required in the Third World. But if we
were to suppose nonetheless that, in defiance of the economics, reprocessing were
to become universal in small and large facilities everywhere, the demand for capital
equipment for reprocessing would be small in relation to the demand for reactors.
It wouldrbe perhaps two percent of the export market for reactors. Exporters
might of course try to gain some special advantage in competition to sell reactors

by tying reactor sales to an offer to supply separation plants to importers eager
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to get control of readily fissionable material That, however, is precisely the .
sort of suicidal competition we are trying to d1scourage, and our w1111ngness to
forego it ourselves should in the future discourage theé suspicion expressed by

the Germans, for example, in connection with their Brazilian deal: namely that
we ourselves were quite willing to offer a "complete fuel cycle" to our customers,
‘or at least to see them get such a fuel cycle, and just obJected to the Germans |
getting there first.

- On _the customers: It goes without sayiﬁg that if we insist on strictly

construing "safeguards" and "needs" so as to prevent the legal acquisition of
stocks of separated plutonium, we will displease India and other customers who
have relied on our not being very serious on this subject. That may be somewhat
uncomfortable for us, but we should regard it as inevitable if we are serious.
We have already started to clarify and strengthen our position on reprocessing,
and faltering on Indian reprocessing will only get us into more trouble. This
is an important enough point to deserve a separate heading.

f) Beginning last summer, the U.S. government went a long way toward refininé
its strictures against‘reproceSSing in the course of negotiating with South Korea.
Its efforts were recently crowned with success, when the Republic of Korea cancelled
its contract with France for a small separation plant. If we were now to authorize
reprocessing by India it will suggest, and not only to the South Koreans, that
we are much more willing to put the screws on our allies than on even the most
provocative of the non-aligned. This will severely hamper the essential evolution
of our policies with respect to Taiwan, Japan, Pakistan, etc. .

g) If we fail to define our policy more rigorously in response to this
Indian request, the Indian example will make quite clear that our claims are
hollow that LWRs are safer than HWRs from the standpoint of av01d1ng the spread
of weapons material. '

What follows will elaborate first on an analysis of the Tarapur reactor and

reprocessing plants and their weapons potential, and second on the need for interpreting

our ambiguous Indian Agreement in our favor,
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II. Weapons Potential and Economics of Indian Recycling -

A. The Tarapur Reactors and Reprocessing in India

The Indians have operated their reactors in ways that can provide them with
separable plutonium of an isotopic composition particulér}y well adapted to nuclear
explosives, and they have built reprocessing facilities that can quickly separate
the plutonium in spent fuel and even more quick1y>any plutonium recycled in fresh
mixed oxide fuel.

The two LWR reactors at Tarapur have a rating of 190 MWe each. The operating
history of these reactors since they started commercial operations on Octoberr3,
1969, displays a very large divergence from the standard assumptions as to the
normal operational pattern of LWRs, and an even larger divergence from early Indian
predictions. Instead of the very high expectations the Indians entertéined'when
they were considering nuclear power (capacity factors averaging as high as 80%
throughout the life of the reactor) the actual factors have been about 45% for
both reactors.* The average degree of burnup has been correspondingly low, and
low burnup means relative freedom from the higher isotopes of plutonium less desirable
for weapons. Moreover, the operating history has shown extreme irregularities with
long periods of down time and with about 97%Z of the fuel bundles rupturing. (The
Indians manufacture their own uranium dioxide fuel rods.) The low average burﬁup
and the great irregularity of the Tarapur operation make it easy for the Indians
to extract plutonium highly concentrated in the readily fissionable isotope plutonium

239. They can do that without any departure from their commercial "morm."

In spite of the many familiar statements about “"denaturing" plutonium and

the distinction usually made between high burnup “reactor grade' plutonium and

* U.S. expectations today are more modest than the initial Indian hopes.
ERDA's recent projections show a 40% capacity factor between the time reactors

go critical and when they are declared commercial; then 65% for the following two
years; then between 70 and 75% for the next 13 years and then a decline to 40%

at 2% per year. (Total Energy, Electric Energy, and Nuclear Power Projections:
United States. February, 1975, p. 6. Unpublished document by ERDA.) If the
Indians had followed this pattern, their reactors would have operated at 65%
capacity between October, 1969, and October, 1971, and from October, 1971, on

at between 70 and 75%. In fact throughout this period they have both operated

at about 45Z.
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low burnup "weapons-grade” plutonium, even the plutonium produced in féactors operated
with much greater regularity and with a much higher degree of burnup than at Tarapur |
would be usable in a nuclear explosive. Such an explosive'made with high burnup
reactor grade plutonium would have an expected energy yield 3 orders of magnitude
larger per pound than a non-nuclear explosive despite the fact that the plutonium
would be contaminated by 20 or 30%Z of the higher isotopes (Pu240 and Pu242) which

are undesirable for bombs of standard design., It is important, nonetheless, to

note that the Indians have been producing plutonium with much smaller amounts of the
undesirable higher isotopes than are usually talked about in "reactor grade" plutonium.
They will in fact have a great deal of separable plutonium that is ideal from a weapons
standpoint. (This is explained and documented in II.-B.,C., and D.)

The second point worth observing is that the Indians have built separation
plants whose capacity far exceeds that required to handle the spent fuel from the 
reactors that they will have in operation for many years to come assuming they do
recycle. (A 100 MTU per year reprocessing plant at Trombay and at Tarapur at
150 MIU per year.) Recycling plutonium would be extremely uneconomical for the
Indians even if their facilities were well matched to the output of their reéctors

both in quantity and in time: But they are not. This comparatively large reprocessing

" capability, however, puts the Indians in a position for quite rapidly separating large

quantities of plutonium from the irradiated spent fuel. It also puts them in the
position to separate even more rapidly the plutonium from the fresh, unirradiated
fuel that they would have in large quantities if they recycle plutonium in their
reactors. * '

This separated plutonium, whether in the form of plutonium nitrate (as
planned in the Tarapur reprocessing plant) or plutonium dioxide, would be about
five days from Pu metal ready for insertion in a bomb. Nothing in the agreements
unambiguously precludes their getting the metal itself -- that is to say, they could

reduce the time before insertion into am explosive essentially to zero. In fact,
as the Indians are fond of pointing out, nothing explicit in the agreement prevents
them from exploding a "peaceful" nuclear device, though we have made clear our

differing unilateral understanding on the subject.

* This is true because the plutonium is more concentrated in fresh MOX fuel than in
the spent fuel. This is true even though the MOX fuel made by some methods would require
an extra step in reprocessing. The fresh MOX fuel could be produced either by high firing
the plutonium oxide and blending with uranium oxide or by a co-precipitation process. If
the MOX fuel is produced by the co-precipitation process, then the Indians would not need
the extra step in reprocessing this fresh fuel. If the MOX fuel is produced by the high
fired process, then reprocessing this fresh fuel will require an extra step but not a
difficult one, and India would have facilities capable of performing this step anyway
in order to handle scrap from the MOX fabrication facility.
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B, Average Burnup and Concentration of Readily Fissionable Plutonium 239 at_Tarapur

The average burnup in the No. 1 Tarapur reactor has been 7,682 MWD/MT;* for
the No. 2 Tarapur reactor, 9,767 MWD/MT. The expected initial burnup for the
Tarapur reactor was to be 16,600 MWD/MT and the expected Bufnup for the reloads,
21,600 MWD/MI. The average burnup, then, has been very léw compared to expectations.
Moreover, even if all the fuel bundles in the No. 1 reactor received the average
Jburnup, the plutonium in the spent fuel would be between 85 and 90% pure Pu 239,

.or Pu 241 (which is also readily fissiomable by neutrons,éf all energies, and like
Pu 239 and unlike Pu 240, is free of the problem of spontgneously émitting‘neutrons
with a significant probability of pre-detonating the weapon before it has been

efficiently assembled.) These are averages.

C. Unintended Variance in Burnup

Not every fuel bundle, however, would receive the average burnup and not
every fuel rod within each bundle woul& receive the mean degree of burnup of that
bundle. This would be true even if the Indians tried conscientiously to reduce the
variation from bundle to bundle and from rod to rod. It would be impossible to
get perfectly even burnup. There are several reasons for this. First, the action
of the control rods produces some unevenness: some bundles are closer to the
control rods than others, and during the operation of a reactor some control rods
will be out more often than others. Second, the coolant does not flow with perfect
uniformity throughout the reactor, and nuclear fissions take place more readily
where it is cooler. Third, xenon instability causes power fluctuations over some
parts of the reactor. As a result, there is a distribution in degrees of burnup’
with some fuel bundles receiving 10 or 20% less than the average. '

There are also, for related reasons, #ariations in burnup from rod to rod
in each fuel bundle. This makes it possible to remove individual fuel rods with
low fuel burnup and so to obtain Pu with as little as 8% of the undesirable isotopes.

Moreover, the Indians do disassemble their fuel bundles and treat individual fuel

* Megawatt (thermal) days per metric ton.
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rods differently.~ In fact, the TAEA recently provided technical assistance to India
in identifying the fuel rods with low burnup. The Indians replaced some of the o
nrematurely ruptured fuel rods with some of the unruptured low-burnup rods. They
could however, also select the low-burnup rods as a source of the Pu most desirable
from a weapons standpoint.

" In the future, the Tarapur burnup is likely to continue to be low. The
Tarapur reactors are part of an electric power grid too'small.to absorb their full
power output. simultaneously, even if both the reactors are working. What is more,
electric utilities normally plan reloads conservatively, on the aesumption that they
will operate at rather high capacity factors and high burnup. 'The§ do this so that

the reactors will not be forced to shut down because of the lack of a reload even

if everything else is working. Finally, the Indians have removed some of the

water from the reactors' cooling system, and this increases the steam fraction

and lowers the burnup.

D. Increasing the Variance Deliberately

Until now, the variation and burnup discussed is of the sort that would take

_Aplace without _any deliberate attempt to increase the variabllity.‘ It is plain

that such unintended variation would by itself yield '"weapons grade" plutonium.
However, if the Indians want to have the burnup of individual fuei bundles Qari
greatly from the average in order to obtain low burnup fuel, they can get essentially
any degree of burnup they like. They could accomplish this by moving the fuel
bundles to new positions less frequently and by withdrawing bundles from the reactor
sooner (perhaps due to actual or suspected'rupture of the cladding).. Since 97%

of the fuel bundles now in spent fuel storage pools are listed as defective, and
India manufactures its own fuel rods, such withdrawal may easily be justified,

Take an extreme case: Since each individual bundle, even in the initial load,

could theoretically be irradiated to 16,600 MWD/MT and in Tarapur 1 the average

fuel burnup has been less than half that, they could give a minimal amount of
irradiation to half the bundles and, to the other half, something less than double
the actual average burnup. The actual average burnup would then still be well
under the original projected average for the first coreload, but half the bundles
would have received very little radiation. It is clear, then, that there are

many intermediate cases capable of producing large quantities of relatively pure
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#Pu 239 and 241. Moreover, it should be understood that there is no explicit obli-

ggation on the part of the Indians to operate their reactors in the most ecounomic

#fashion; no explicit obligation therefore to get maximum burnup. None of this,
then would be a violation of any explicit obligation.

“E. The Oversize Reprocessing Plant at Tarapur

The Tarapur reactors have ohly produced about 10 MTU of spent fuel a year.
Under the norms usually discussed for a boiling water reaétor, they should produce
substantially more than that, but still only about 20 tons of spent fuel yearly.
The reprocessing plant at Tarapur has a capacity of 150 MTU per year.* That is
more than is necessary for recycling the spent fuel from Tarapur, even if recycling
itself were economic enough to call for such recycling. And Iundia élready has a
100 MTU per year plant which is capable of reprocessing fuel from India's heavy
water reactors. Assuming India’s 150 MTU per year plant operates 300 days a year
.and that the spent fuel from the Tarapur reactors has a PU content of .4%, this
reprocessing plant will be capable of broducing 2 kg of PU per day. One hundred
;and twenty-five days of continuous operation of this 150 MTU per year plant are
-all that would be necessary to reprdcess all of the 443 spent fuel bundles India
presently possesses at the Tarapur reactor. To reprocess the 20 tons of spent
fuel produced each year by the Tarapur reactors if they operated normally would
take only 40 days of continuous operation by the 150 MTU per year plant. It would
take half that time to reprocess the output of spent fuel at the past Tarapur rate.
Pu produced by this reprocessing plant cannot be effectively safeguarded since the
plutonium nitrate [?u (N03)4] which will be produced at the output end of the
reprocessing plant will be only 5 days away from the plutonium metal which could

then be directly inserted into the core of an implosion system.

F. The Economics of Recycling Tarapur Spent Fuel

The spent fuel in storage at Tarapur 1 and 2 totals 60 MTU. It contains
about 240 kg. of plutonium and has an average U-235 content of 1.25%. At prices
of $60/SWU** (the current U.S. price for requirements contracts) and $40 per pound

3 8 (at recent U.S. prices for 1980's delivery), the plutonium that could be recovered

* That figure appears in Nuclear Industry, 1970. A smaller figure of 100 MTU

per year is cited in Facts on Nuclear Proliferation: a Handbook, prepared for the
Committee on Government Operations, U.S. Senate, December, 1975. No source, however,
is cited there. These annual figures are not well defined and are, in any case,
dependent on the exact operating procedure of the plant, number of shifts, etc.

**  Separative Work Unit.
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from the spent fuel would be worth about $3.7 million ($15,500 pef kg)*énd the

uranium might be worth about $16 million. The uranium value is uncertain because

of the poison effects of the U-236 contained in recovered uraniuh.‘.nepending
on how the recovere& uranium is used; its actual value>might be 25 to 507 less.
At these same prices, a reload of one-fourth of each cdre,for.Tarapur-I and 2
would cost about $15 million (20 MTU of 2.4% enriched fuel, at $.73 million per
MIU); thus at maximum, recovered products from‘Tarépur spent fuel (cumﬁlated over
5'years) would be equivalent to about 1.3 years of reloads for ﬁhese reactors.
In.none of the above discussion were costs of recoéering fissile products
considered. Beforg calculating the net gain from reprocessing, these costs must
be subtracted. Our analysis of the uncertain economics of reprocessing even on
a large scale (1500 MIU/year) suggest that there is likely to be no positive net
return on the investment in recycling. Especially at the scale of operation in Tarapur
150 MTU/yr.) recycling costs seem likely to exceed the value of recovered products.**
It would be a mistake, however, to focus unduly on whether or not reprocessing
costs were less than the value of recovered products. For one thing, reprocessing
even if it saved rather than lost_mone§, could not save muéh in kilowatt hour  generating

costs; fuel cycle costs are only one-fifth of such costs and recycling even if costless

- could -save -at--most -only 30Z of fuel cycle costs, i.e. 6% of the total -

cost. In decid;ng on whether to permit reprocessing of Tarapur fuel, the U.S.
should consider whether, from the U.S. viewpoint, a possible economic gain to India
compensates for the increased military risks to the U.S. that would result from
increasing India's plutonium stockpile and from the increased difficulty this would
imply in evolving a coherent U.S. policy on proliferation and safeguards. For this
purpose, we wish to emphasize how small is the upper limits of potential economic

gain for the five years' cost of spent fuel even if reprocessing were costless:

$20 million, of which only $3.7 million is from recovered plutonium. In terms of
nuclear weapon potential, however, the recovered plutonium could make 48 bombs

(at 5 kg of plutonium per bomb).

* This is what the plutonium would be worth as a replacement for U235 in a
LWR. The cost of recycled plutonium of course may exceed its worth. See for example

Chapter IV in Moving Toward Life in a Nuclear Armed Crowd? Pan Heuristics report
done for ACDA, February, 1976.

*% An extended analysis of the economics of reprocessing in less developed countries
has been done by Dr. Vincent Taylor in the course of Pan Heruistic work for ERDA

and ACDA. See for example Chapter IV in Moving Toward Life in a Nuclear Armed Crowd?
Pan Heuristics report done for ACDA, February, 1976.
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G. Weapons Potential and Economicg of Recycling Plutonium from Spent Heavy
Water Reactor Fuel in India and Pakistan -

Up to now we have talked mainly about the weapons potential and econoﬁics'
of separating plutonium from the spent fuel produced by the Tarapur light water
reactor. It 1is also worth treating the Canadian designed heavy water reactor at
Rajasthan and the 100 MTU per year reprocessing plant in Trombay that was de-
signed to reprocess heavy water reactor fuel. In particular it is worth asking
whether there is any serious justification other than a nuclear explosive program |
for reprocessing heavy water reactor fuel in India; or in Pakistan where the issue
is a live one, with the Pakistanis and the French now requesting a statement from
JAEA that a new French designed reprocessing plant in Pakistan could have effec—
tive safeguards. The answer should be useful in negotiations with the Canadians,
with the French and perhaps with the Pakistanis.

It is sometimes argued that whatever the case for our authority to prevent
the reprocessing of spent fuel from the Tarapur reactors, we could not prevent
the Indians from reprocessing heavy water reactor fuel at their new Tarapur
reprocessing plant, or in their reprocessing plant at Trombay. We can, however,

prevent their recycling in the Tarapur reactor any plutonium from the spent fuel

" at Rajasthan or elsewhere, and we should be quite clear that the Indians do not

have any economic need for reprocessing heavy water reactor fuel.

The Trombay reprocessing plant could reprocess all the spent fuel from about
three heavy water reactors the size of Rajasthan and could separate some 200 kg.
of plutonium or about 40 bombs worth per year. The Indians hardly need their
new Tarapur reprocessing plant to reprocess Rajasthan fuel -- even if there were
some economic point in recycling at Rajasthan.

The Rajasthan-I reactor and in fact the next 5 reactors planned by the
Indians are all heavy water reactors modelled on the Canadian example. They use
natural uranium fuel without enrichment. And even though there have been some
ideas advanced by the Canadians for using a slight enrichment of fissile uranium
or fissile plutonium to increase the burnup of fuel, recycling plutonium cannot
be justified on grounds of providing energy independence. In fact the ideas for
recycling plutonium in heavy water reactors like those in India and Pakistan are

particularly tenuous, even more suspect than ideas for recycling plutonium as a
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,partial substitute for enriched uranium in lighf water reactors. ' That the
:Indians'ﬁave never seriously developed teprocessing as part'of.a program for
economic recycling is suggested by thé<fact that the Trombay plant began operation
in 19617, about- 7 yeéré before their first heavy water‘power.reéctor. In both

the Indian and Pakistani cases, reprocessing mékes'sense only to derive material.
for nuclear explosives._'ln fact the Indians used Trombay to reprocess the épent

- fuel from the Canadian Indian research reactor to obtain the material for their
nuclear explosion of May, 1974. . '

The Trombay reprocessing plant, like the new plant -at Tarapur, could also -
be used to separate plutonium quickly from the unirradiated fresh mixed oxide
fuel that would be found in quantity if the Indians recycle.

The Indians of course have been reprocessing spent heavy water reactor
fuel at Trombay for some time, and the Pakistanis hope to do likewise. We
shduld.be duite clear that in the Pakistani case as in the Indian one, repro-

cessing will serve only a military purpose. In fact Prime Minister Bhutto has been

more explicit about his military interest than Prime Minister Ghandi. The following

eXplains'whi recycling plutonium in the CANDU reactors in India and Pakistan is unlikely -

to make economic sense;
a) The percentage of U-235 in CANDU spent fuel is far less than in

patural uranium; thus, there is no value to the uranium that might be recovered
by reprocessing.

b) The entire cost of reprocessing must be justified by the value of the
recovered plutonium, but CANDU spent fucl irradiated to a typicai level of
7500 MwD/MT contains only 2.7_gms of fissile plutonium per kg (compared to
about 7 gms in LWR spent fuel).

c) Because the fuel in CANDU reactors uses natural uranium and is relatively
easy to fabricate, fuel costs without plutonium recycle are very low. Current
fabrication costs are $35 per kg. At $28 per 1b U308’ fuel costs would equal
$100 per kg or 2 mills/kwh; at $40 per 1b U308’ fuel costs would equal $139 per
kg or 2.6 mills/kwh. One "model" plutonium recycling scheme involves doubling

the electricity generation per kilogram of fuel. Even if this could be done

#A11 figures in this section on the CANDU were supplied by private communication
from E. Critoph of Chalk River Nuclear Laboratories, Ontario, Canada. They
apply to the most recently constructed CANDU reactor, Pickering IV. Figures for
Rajasthan and KANUPP are likely to be less favorable.
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without cost, which is far from actuality, the potential savings would be

only 1 to 1.3 mills/kwh for U3O8 prices in the range of $28 to $40 per 1b.

If the Pakistani KANUPP and Indian Rajasthan reactors operate at 50
percent of capacity (above their historical record of 45% for the most
recent twelve month period) a one mill per kilowatt hour saving would trans-
late into annual savings of $876,000 at Rajasthan (200 uwe capacity) and
$548,000 at KANUPP.

For reactors under construction, generating costs (based on recent
estimates) seem likely to exceed 30 mills per kilowatt hour; thus a 1 mill
savings would amount to about 3% of total genmerating cost. But these savings
are calculated on the basis of zero extra cost to separate the plutonium and
to fabricate mixed plutonium and uranium dioxide fuel. In fact, as shown below,
these costs exceed the potential savings even under very favorable assumptions.

d) Canada has not yet operated even pilot plants for reprocessing of
spent fuel or fabrication of mixed-oxide fuel; thus there is no realistic
basis for judging likely costs. Current engineering estimates (assuming
Canadian government financing) are that reprocessing CANDU fuel would cost $80
per kg and the penalty for mixed-oxide fuel fabrication would run about $35

per kg. If U.S. and Eurbpeans experience applies to CANDU, actual costs are

likely to be at least several times the initial estimates. Costs on the scale
contemplated by India and Pakistan would be several times higher again.

Even using the current Canadian estimates, however, reprocessing and re-
cycling is extremely unprofitable. In the "model" recycle program that doubles
electricity generation, 5.5 gms of fissile plutonium are added to 1 kg of
natural uranium. Two kgs of spent fuel (at 2.7 gms fissile Pu per kg) would
need to be reprocessed to obtain this plutonium: cost at $80 per kg equals
$160. Adding excess fabrication cost of $35 per kg brings the total extra
cost for mixed-oxide fuel to $195. But even at a 0308 price of $40 per 1b,
conventional CANDU fuel would cost only $139 per kg. A 100 percent increase
in effectiveness at a cost penalty of 140 percent makes no economic sense.

Of course, the actual economic penalty under conditions in India and Pakistan
is likely to be several times as great.

Conclusion

Reprocessing and recycling of plutonium for CANDU reactors is uneconomic

even under very favorable assumptions about costs and uranium prices. The
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upper-limit potential gains for present reactors in India and Pakistan are
very small (less than 1 million per year). The technology of plutonium . o
recycle has not been fully developed even,in Canada; thus India and Pakistan
would need to devote substantial scientific and engineering resources to o
make a recycle program operational. Given. the shortage of such resources in .
these countries, -this must be a major consideration in the dec151on to under«
take a recycle program. , o

Thus, reprocessing in these countries uses . scarce’ technical resources :
and promises to raise electric generating costs.‘ FrOm an economic v1ewpoint,
this makes no sense.: Reprocessing in these countries makes sense only as a

step in the fabrication of nuclear weapons.

H. Separating Plutonium from Fresh Mixed Oxide Fuel

The problem is not simply reprocessing spent fuel. It is recycling.

Most discussion of the weapons potential in reprocessing~focuses on the
reprocessing of irradiated spent fuel. Some of the solutions proposed for
reducing the weapons potential look forward to arrangements for taking the
stocks of separated plutonium from the output end of the reprocessing plant,
shipping them to a fuel fabrication facility where the plutonium in the form
of plutonium dioxide would be mixed with uranium dioxide and placed in the form

o ~B§"§e11ec;“15'2£éi rods, which, in turn, would be shipped to the reactor.where
it would be 1oaded in as a replacement for one-fourth the core. Plutonium
inside the reactor being irradiated, it is frequently said, is comparatively
safe. While that is quite true, it ignores the more important fact that in
the course of such a fuel cycle in which mixed oxides were fabricated into
rods and prepared for insertion in the reactor, there would be many locations
other than the reactor core where separated plutonium could be found besides
the final inventories at the output end of the separation plant. For example,
there would be separated plutonium at the front end and in process at the

mixed oxide fuel fabrication facilities. Moreover, there would be a very

Source: http://www.albertwohlstetter.com

large quantity of plutonium in the fresh, unirradiated fuel. In this latter
condition, plutonium would require separation though it would be a simpler

process than that needed for the reprocessing of the irradiated fuel. 1If there
were no substantial separation facilities available, it would be in a condition

intermediate between the separated plutonium and the plutonium in the hot
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: irradiétéd fuel. So far as readiness for use in'ad'éxp1031§é; it would be
-significantly different from both extremes. However, with reprocessing facili-
ties as substantial as those in India available, there would be no significant

difference in proximity to bomb manufacture between the already separated plu-
tonium and the plutonium in the fresh, unirradiated fdel,' With the Trombay

and Tarépur reprocessing plants, it would take about 10 days to separate all the
plutonium in fresh mixed oxide fuel manufactured from the plutonium éeparated
from the stock of spent fuel cumulated at Tarapur sofar. This might be

as much as 48 bombs worth. The reloads at the front ends of the two Tarapur
reactors might contain 100 bombs worth of plutonium which could be separated at
the two reprocessing plants at the rate of 5 bombs a day. Therefore, there is
no point in placing hope on a policy that authorized the Indians to reprocess
the spent fuel from the Tarapur reactor in their Tarapur reprocessing plant, but
tried merely to limit the size of the stock of separated plutonium at the output
end of that reprocessing plant. Even if that could be done effectively, it
would be like punching a pillow -- large quantities of readily useable plutonium
would pop up at other points in the fuel cycle. We have to face the fact that

safeguards cannot be effectively applied to a fuel cycle that includes recycling

- of plﬁtonium‘at Tarapur. No system of inspection would yield reliable and timely

éarly warning that the plutonium was to be used in nuclear explosives.
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iII;.'Interpreting the Ambiguities in'Our Favor

Our Agreement with Indis was drawn 1003e1y enough and India wanted to make
it evasive and evadable enougb so that no unique interpretation is possible. There
is the Indian interpretation. There are many American interpretations. There

is at least one defendable American interptetation consistent with the pnrpose -

of such agreements: nameiy to provide early warning of moves to make a nuclear ex-

plosive and to deter such moves by making clear that long before they were completed,
they would be detected reported, and adequately answered.

The Indians have resisted controls on nuclear materials steadily since the
Atoms for Peace Program started in the mid- 1950's. The whole 1956 debate on the
safeguards prov131ons of the Twelve Power Draft of the IAEA statute centered on
reservations interpoeed by India. And again the Indians were the strongest opponents
of constraints in the mid-60s debate on the Non-Proliferation Treaty, which they
did not join. In their bilateral arrangements with Canada and the United States,
they have been less than~forthcnming -~ most notnriously in the case of the CIRUS

reactor Agreement. They simply ignored the repeated statements by the'Canadians

as to the obvious meaning of the Agreement. The Indians moreover have made clear

on several occasions that they recognize that the greatest possibilities for diver-
sion occur not in reactors, but in reprocessing. Their interest in freedom to
reprocess is undoubtedly informed by that recognition. One shouid therefore expect
the Indians to construe the meaning of any agreement so as to give them the maximum
of freedom.

The Indian interpretation would very likely stress that an accounting and
inspection system is an "effective application" of safeguards, whether or not the
audit is timely, and even if it were a post-mortem made long after the event.
(In fact some American officials, temporarily losing sight of the point of it all,
said much the same a half dozen years ago.) The Indians could also say that reprocessing
was certainly not precluded, that in fact it was contemplated and actually mentioned
in the Agreement and that the only requirement was that there be adequate safeguards
and specifically that the facility be safeguardable. (In the mid-1960s, some plans
for "safeguarding' separation plants were advanced with no serious consideration
as to whether safeguards could be effectively applied.)

The Indians might further stress that even the clause stating that the fuel

provided for Tarapur and its products could be used only in Tarapur was vitiated
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by Clause 9 of Article VI which says in effect that whatevgr.élse the agreement

says, the Indians have the right to remove special nucleaf:ﬁaterial from the scope

of the Agreement provided they have placed agreed equivalent quantities *"of the

same type" of material undér its scope. They'might argue'then”that they could take
sbme of the separated plutonium and use it eléewheré, proﬁided théy replaced it with an

equivalent amount of plutonium, possible even unseparated plutonium or plutonium

1

_of different isotopic composition. (The phrase "of thq,same type" is unclear.) Finally

the Indians will argue, as they have, that the plutonium they use in nuclear explo-—
sives is peaceful. The agreement does not explicitly close off a PNE loophole.
The consequences of accepting even some parts of the Indian unilateral inter-
pretation should bé very clear from the analysis in Part II: the Indiaﬁs would
be able to derive large stocks of Pu 239 of any degree of purity they want and separate
it in the form of plutonium nitrate (which is 5 days away frbm the metal, and
insertion in the core of a bomb). They could, in fact, legally put it in the
form of metal itself. If one accepts all of the Indiaﬁ interpretation, including
the PNE loophole, they can insert the metal in implosion systems and explode them. 4
Among other things accepting the Indian construction of the agreemeﬁt would
make completely empty all the claims we regularly pﬁt forward for the virtues of (
light water reactors (LWRs),‘compared to the Canadian heavy water reactors (HWRs):
5) The Indians have‘demonstraﬁed that they can without objection operate their
reactors so irregularly and with such a low capacity factor that diversion is
no moré difficult than in an HWR, b) the degree of burnup has been so varied that
operation to obtain "weapons grade” plutonium cannot be distinguished as a departure
from their "pattern" of operation for electric power, and c¢) the argument that the
HWR produces more plutonium per megawatt day, that is per unit of electrical
output, has pever been a strong one, and it ignores the fact that the heavy water
reactor's plutonium is more dilute, that the HWRs produce roughly only one half
to one third as much plutonium per tonne. In fact the cost of separating the
plutonium from the HWR is more than triple the cost of separating it from the
LWR's fuel, since the LWR fuel also yields some recoverable uranium as a partial
offset to the cost of reprocessing. The HWR on the other hand reduces the U235
content of its natural uranium fuel to about .157, which is lower than our tails
assays vwhen we enrich uranium. There is no enriched uranium to recover in the
chemical reprocessing of HWR fuel. Finally, d) accepting India's interpretation
weakens the remaining argument that we have offered for LWRs compared to HWRs:
that the LWR need for enriched fuel gives us a sanction and a control. But our

behavior with respect to the Indian nuclear test and since suggests that we are
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'unwilllng to use that sanction and indeed could not if we accept the Indian
i‘interpretation."' '

The Indian interpretation would not only demolish our claims for the safety
of the LWR; if accepted, it would destroy any basis for restraining the spread

. of nuclear weapons technology throﬁgh~such agreements. We need to insist on

and enforce our own interpretation where we can, I would say, not only with respect
to Indian reprocessing but with respect to all agreements that have not explicztly
plugged the PNE loophole. * A good many governments in addition to India blandly
adopt the position that nuclear explosives are peaceful and that therefore using
plutonium from a civilian reactor to‘make such explosives is also a peaceful activity.
Some American officials feel somehow bound even by such a plainly evasive umilateral
interpretation of nuclear cooperation agreements as that taking nuclear explosives
as non-military. (Some have solemnly avowed that the Indians did not vielate

their agreement with the Canadians -- as if there were not even an ambiguity.)
However, we said clearly at least as early as 1966 in the ENDC debates that any
nuclear explosive was a military weapon and so did the Canadians. Moreover we

have said that in private to the Indians, The fact that the Indians have not

,iséid_thyrécceggnthat obvious interpretatiom and the fact that some other governments

simply note our statements on the subject now does not mean that we should not
enfofce, wherever we have the leverage to &o so, our interpretation.
In my view, looking at it country by country, we do have a good deal of leverage.
In the Indian case, quite .apart from the enrichment services that we might withhold
or the more draétic measures we might conceivably insist on (including the return
of equipment) there are some quite effective things we could withhold now. The
Indians bave a good deal of trouble keeping their boiling water reactors at Tarapur
operating even half the time. They have a continuing flow of help from G.E. for
that purpose. We are certainly able to stop that flow and to stop also the flow
of replacement components, etc. We can also refuse to license reloads for Tarapur.
A good many Americans are troubled and prevented from acting forcefully by
the thought that our agreements on coopération here and elsewhere are ambiguous.
They are in the habit of saying, "The Indians could always argue that . . . ."
Indeed they could and do. I am myself not troubled by that possibility, in part
because I have never heard an Indian given much pause by‘the possibility that

"The Americans could always argue that . . . ."
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We have excellent grounds in common sense and in the history of the development
of safeguards for interpreting the phrase "effective application of safeguards"
in the agreement in our favor, and we should do that.
Throughout the history of safeguards since the end of World War II, it
has always been understood that their essence involved at least the provision of early
warning, that is, warning timely enough for either international response or
appropriate national response forestalling the manufacture of nuclear explosives
or cancelling their effects. Some believed that arrangements for international
sanctions exploiting such warning were also needed. Others held that warning was
enough. But explicitly or implicitly, early warning has always been understood
as essentilal.
The early interest in "denaturing" fissile material was dictated by the
desire to extend the "critical time" to make a nuclear explosive by diluting materials
with undesirable isotopes so that isotopic, not merely chemical, separation would
become necessary. The Acheson-Lilienthal Report reflected the hope that two or
three years of warning could be achieved by this device. Even earlier, the need
for warning measured in years was advocated by Leo Szilard in essays that suggested
'denaturing and that formed some of the background for the early attempts at inter-
national control:

A system of controls could be considered successful only if
we could count on a period of grace in case the controls were denounced
or obstructed by one of the major powers. This means that the system
would have to be of such a nature that at least one or two years would
elapse between the time the nations begin to convert their installations
toward the purpose of manufacturing atomic bombs, and the time sucl
bombs become available in quantity.

Unpublished version of "Atomic Bombs and the Post-War Position
of the United States in the World," March, 1945, available

in the office of the ERDA historian, excerpted in the

Bulletin of the Atomic Scientists, December, 1947,

Source: http://www.albertwohlstetter.com

The hopes for a denaturing that would compel isotopic separation were disappointed.
However, chemical separation has remained as a barrier that takes a substantial,
if lesser, amount of time to surmount. Any interpretation of safeguards that
removes this last barrier of chemical separation and leaves practically no warning

time should be recognized as abandoning the essential purpose of safeguards.
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If the critical time to make an explosive is allowed to shrink to a few
weeks, days or hours, there will not be enough time for political or military
action. For one thing, deciding on appropriate political or military responses
would take time, and political responses in themselves might be very time.consuming;
For another, the warning would not begin with the moment of diversion. The first
indication of violation an inspector might have, even if he were on the scene,
might be some denial of access, and this would be only the beginning of a long
sequence of events, restricted at first to the Indians and the inspector. It
would take a considerable amount of evidence before an inspector would be willing
to send a report of violations to the JAEA Board, He cannot himself notify the
member countries involved. His report would then have to go through channels to
the Inspector General of IAEA, and according to the current Inspector General's
estimate,* the time involved in transmission through channels is approximately
six months, '

Both the IAEA and the U.S. government have reiterated the essential point,
that the purpose of safeguards (and therefore the objective that would have to be
achiaved for the application of safeguards to be "effective") is to assure early
detection and the deterrence of diversion through the risk of early detection.

The President made that point last May in his Report to the Congress on Nuclear
Exports and Safeguards. General Starbird's testimony last month asserted that
"IAEA safeguards provide for the timely detection of diversion of significant
quantities of nuclear materials from peaceful nuclear activities and the deterrence
thereby of such diversion by threat of eérly detection." (Statement before the
Senate Committee on Government Operations, January 29, 1976) That assertion
faithfully reproduces the objective of safeguards as clearly defined by the IAEA
Safeguards Committee: “the timely detection of diversion of significant quantities
of nuclear material from peaceful nuclear activities to the manufacture of nuclear
weapons or of other nuclear explosive devices or for purposes unknown, and deterrence
of such diversion by the risk of early detection." (See IAEA INFCIRC/153 (1971)

and B. Sanders and R. Rometsch, "Safeguards Against Use of Nuclear Materials for

Weapons," September, 1975, Nuclear Engineering International, p. 683.)

* Reported at a meeting of the California Seminar on Arms Control and Foreign
Policy, November 6, 1975.
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The point of it all may have been lost sometimes in the middle and léwer'
regions of various national and international bureaucracies. But as the Inspector
General of IAEA suggests, "The thirty years history of safeguards is one of continuous
development and there is no reason why its techniques and concepts should not
undergo many further changes." (Ibid) And there is every reason that further
evolution should clarify and make more precise the'tai%origg éf_safeguards to their
essential purpose. | ‘ ‘

We can in any case make clear that the United States interprets safeguards
in this way and that therefore they cannot be effec;ively applied to recycling

in India. Moreover if we formulate our inquiry carefully to the Inspector General

"of IAEA as to whether safeguards can be effgctivgly.appliéd to Tarapur -— specifying

that we mean, as he has meant, assuring that the entire process of detection,
evaluation, reporting to the Board, decision by the Board, notification of member (
states and reasonable prudent response by the member states can be completed

before explosives are assembled -- we should be able to get the agreement of the

Inspector General.

Finally, I&t us reply to one recurring argument: We cannot do this now, because

~~

we failed to do it earlier. To accept such an argument would make any mistake,
no matter how disastrous, hereditary. We should not feel self-conscious about the
fact that we have not always enfdrced our own interpretation in the past. Since

it makes sense, we should do so nmow. (
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Addendum I From the Annual Report of the Department of Atomic Energy,
"1974~1975 of the Government of India
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ATOMIC ENERGY ESTABLISHMENTS IN INDIA

The BHABHA ATOMIC RESEARCH CENTRE, Trombay, which was
set up as the Atomic Energy Establishment in 1957 and renamed in
1967, is the national centre for research and development work in
nuclear energy and related disciplines. Its facilities include four
research reactors, namely, CIRUS (40 MW), Apsara (1 MW), ZERLINA
(a zero energy thermal reactor) and PURNIMA (a zero energy fast
reactor), a 5.5 MeV Van-de-Graaff accelerator, a H-400 computer,
a BESM-6 computer, and various special laboratories. It also has a

uranium metal plant, a fuel elemerits fabrication plant, a plutonium
plant etc.

The REACTOR RESEARCH CENTRE is being set up at Kalpakkam,
Tamil Nadu, adjacent to the Madras Atomic Power Station. The most
important facility in this Centre will be the Fast Breeder Test Reactor
which will provide experience in the design, construction and operation
of a plutonium-fuelled, sodium-cooled fast reactor. It will also serve
as an irradiation facility which is essential for developing fuel for the
large fast breeder reactors of the future. The. other facilities at the
Reactor Research Centre will help in the construction and operation of

~-the Fast Breeder Test Reactor and use of the test reactor for studies

in connection with future fast breeders.

The GAURIBIDANUR SEISMIC STATION (of the Bhabha Atomic
Research Centre), 80 kilometres north of Bangalore, was set up
towards the end of 1965 in collaboration with the U.K. Atomic Energy
Authority. It has a full array of 20 sensors deployed over an area of
25 km x 25 km. It helps in the detection and identification of under-
ground nuclear explosions and also facilitates seismic research.

HEAVY WATER PLANTS

The NANGAL HEAVY WATER PLANT in the Punjab, operated in
conjunction with the Nangal Plant of the Fertilizers Corporation of
India, was commissioned in August 1962, It has an annual capacity
of about 14 tonnes.

The KOTA PLANT boing built by the Dopartment of Atomic Enorgy
next to the Rajasthan Atomic Power Station will produce about
100 tonnes of heavy water a year. Tho plant is based on the know-how
generated by BARC.

The BARODA PLANT based on the Ammonia hydrogen exchange
process developed by a French consortium, will be linked to the
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synthesis gas stream of th9 Fertilizer Plant at Baroda of the Gujarat
Fertilizer Corporation. Its .capacity is expacted to be 67.2 tonnes
a year. R

The TUTICORIN PLANT will be similar to the Baroda Plant and will
be linked to the fertilizer plant of the Southern Petrochemical Industries
Corporation, Its capacity will be 71.3 tonnes per year. '

The TALCHER PLANT, equipment and knowhow for which ars being
obtained from a West German firm, will use the synthesis gas stream
of the Ammonia Plant being set up at Talcher by the Fertilizer Corpora-
tion of India. it will produce 62.7 tonnes of heavy water a year.

The NUCLEAR FUEL COMPLEX in Hyderabad whicﬁ is designed
to meet the fuel requirements of nuclear power reactors consists
of the following:

Zirconium Oxide Plant
Zirconium Sponge Plant
Zircaloy Fabrication Plant
Urénium Oxide Plant

Ceramic Fuel Fabrication Plant
Enriched Uranium Oxide Plant
Enriched Fuel Fabrication Plant
Special Materials Plant

PN AWM

Two more plants — an alloy Stee! Seamless Tube Plant and a Titanium
Pilot Plant — are also being set up in the Complex. ’

The POWER REACTOR FUEL REPROCESSING PLANT, Tarapur,
which is nearing completion, is being built by the Bhabha Atomic
Research Centre using the experience gained with the designing,
construction and operation of the Trombay Plutonium Plant. This
plant will process the irradiated fuel from the Tarapur and Rana
Pratap Sagar power reactors.

The VARIABLE ENERGY CYCLOTRON, Calcutta, is being erected
in the Salt Lake Township area near Calcutta by the Bhabha Atomic
Research Centre. It will be a national facility for advanced work in
nuclear physics and for the controlled direct irradiation of biological
and agricultural products.

The HIGH ALTITUDE RESEARCH LABORATORY, Gulmarg, which
was set up by the Department of Atomic Energy in 1963, provides
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facilities for high altitude research to all sc:enm" ic msmutnons and
universities in the country. ,

The ATOMIC MINERALS DIVISION is responsible for ‘surveying,
prospecting and exploratory development of atomic minerals required
for the atomic energy programme. It carries out various types of surveys
such as airborne, jeep, ground and offshore submarine surveys.

‘These field activities are supported by well-equipped petrology,

minerals, technology, chemistry and physics laboratories which not
only provide the nacessary aid by way of study and analysls of samples
but also are responsible for the development of new instrumentation
and methods.

The TARAPUR ATOMIC POWER STATION, 100 kilometres north of
Bombay, is the first atomic power station in India. It has two Boiling
Water type reactors fuelled by enriched uranium, with a total output
of 400 MWa of eloctncuty which is supplied to the States of Maharashtra
and Gujarat.

The POWER PROJECTS ENGINEERING DIVISION undertakes the

Source: http://www.albertwohlstetter.com

. e s b

design, construction and commissioning of nuclear .power plants.
It is presently engaged In building the second unit of the Rajasthan
Atomic Powoer Project, and the Madras Atomic Power Project. It has
also taken up work on the fourth atomic power station at Narora.

The RAJASTHAN ATOMIC POWER STATION at Rana Pratap Sagar
in the State of Rajasthan is under construction. It will hava two
natural uranium-fuelled and heavy water moderated Candu-type
reactors (one already operative) with a total net output of 400 MWe
of electricity. The first reactor is delivering power to the Northern Grid.

The MADRAS ATOMIC POWER STATION about 80 kilometres
south of Madras, will be the third atomic power station in India and
will have two Candu-typs reactors similar to the Rajasthan ones.
It will be indigenous to the extent of about 80 per cent. There is no
foreign collaboration in its design or construction.

The NARORA ATOMIC POWER STATION U.P., will consist of two
units of 220 MWe oach of a modified design.

The INDIAN RARE EARTHS LTD. is a Government of India company
functioning since 1950 and operates the mineral sands industry in
Manavalakurichi and Chavara, and the rare earths industry at Alwaye.
It also producas thorium products at Trombay on behalf of the
Government.
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The URANIUM CORPORATION OF INDIA LTD., Jaduguda, was
formed in October 1967. It is responsible for the development of the
Uranium Mine and operation of the Uranium Mill at Jaduguda.

The ELECTRONICS CORPORATION OF INDIA LTD., Hyderabad,
was formed in April 1967 and gradually took over. the work of the
Electronics Production Unit of the Bhabha Atomic Research Centre.
It produces on a commercial scale a large variety of nuclearinstruments, -
control equipment, electronics components etc. developed by the
Bhabha Atomic Research Centre and the Tata Institute of Fundamental,
Research.

The TATA INSTITUTE OF FUNDAMENTAL RESEARCH, Bombay, was
founded in June 1945. It is the national centre of the Government of
India for Nuclear Science and Mathematics. It has two schools:
the School of Mathematics and the School of Physics (Experimental
Physics, Theoretical Physics, Astrophysics, Geophysics, Computer
Science, Molecular Biology and Radio Astronomy). Its special
facilities include a National Computation Centre (with a CDC 3600-
160A computer system), a Balloon Fabrication and Flying Facility
(at Hyderabad), Tritium Laboratory for Hydrological Studies, an
Elsctron Microscope, a 1 MeV Cascade Generator, a 3.5 MaV
Electron Linear Accelerator, X-ray Units, an Electromagnetic Mass
Separator and Liquid Nitrogen and Liquid Helium Plants,

The TATA MEMORIAL CENTRE, Bombay, comprises two institutions:
The Tata Memorial Hospital and the Cancer Research Institute. In
addition to being one of the foremost cancer treatment centres in the
country, it also conducts extensive research on cancer.

The SAHA INSTITUTE OF NUCLEAR PHYSICS, Calcutta, was
formally opened in June 1950. Its fields of research include: electron
microscopy, EPR spectroscopy, mass spectrometry, microwave
absorption spactroscopy, molecular biology, NMR spectroscopy,
NQR spectroscopy, nuclear activation, nuclear reactions, nuclear
spectroscopy, radiochemistry, solid state physics, structural crystallo-
graphy, technical physics and theoretical nuclear physics.
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INDIA ™

.RAJASTHAN ATOMIC POWER
~ STATION (RAPS) 2
220 MWe CANDU-PHW AECL
India Department of Atomic Energy
Construction start: December 1967
Commercial operation: 1978
Nuclear and conventional erection
activities have nearly béen completed
and commissioning - of the various
system are in full swing. . :
=~ -All- jobs on fuelling machines,
reactivity mechanism, feeder and:
header insulation cabinets have been;
completed, Additional piping works’
like new compressed air/chilled water
~ plant, 23 and 15 per cent D:O storage:
- facility, etc. are in progress, :

- Erection of motor generator sets has;
been completed and commissioning is,
in progress. Instrumentation work on
various systems has almost been com-

. line to the Heavy Water Project, Kota,
is nearing completion. G
Civil work for warchouse No. 3,
compressed air/chilled water plant and,
spent fuel bay (cxtension) has been:
_completed and that for permanent
7 guard house, extension of covered -
passage and road on east of R.B. 2
is in progress. Civil works on the;
Solar Evaporation facility and domes-
tic water supply works are under way. |

MADRAS ATOMIC POWER
STATION 1
235 MWe PHWR IDAE
. Indian Department of Atomic Energy
Q—'f~*".:;Consttuclion start: May 1969 :

i
.
'
!
.

//lwww.albertwohlstetter.com.

"'%%ﬁ&mmercia! operation: 1979 o

=" All major structures of both the units -
~---including upgrading plant and stack

PRy )

hy

completed. !

Major reactor equipment, eg. end
shields, calandria and dump lank,-
have been installed and aligned.
Installation of the shield tank is’
ncaring completion. Balance activities
of the coolant channel installation,
feeders and fuclling machine access
doors are in progress. Most of the’
major system equipment have been:
installed. 40 per cent of reactor build-
ing piping and 75 per cent of con-
ventional piping have becn completed.

Alignment of HP turbine, LP
turbine and generator rotors have
been completed and machine boxed
up. TG systems piping, arrangements:
for testing of TG with auxiliary
boiler, and condenser tubing are in
progress.

Sourct

. pleted. Ercction and testing of a steam

5. Xcept  main airlock - barrels and |
~closing of break out panels have been : -

Ventilation systeuis for Turbine and

_Service Building have been finished
* and that for the Reactor Building is,

in an advanced stage of completion.
Two circulating water pumps, and all
travelling water screens have been
installed, Performance testing of CW
pump and 543 tonne centrifugal
chiller is in progress. Iustallation of
main plant electrical equipment, cabl-.
ing and lighting has been completed.
The 230 kV indoor swilchyard has
been energised and 6.6 kV supply has
been made available. 1

DN. monitoring tubing, control:
room instrumentation and other main:
plant. instrumentation work have i
initiated. : \

MADRAS ATOMIC POWER
STATION 2 .

235 MWe PHWR IDAE t
Indian Department of Atomic Energy |
Construction start: May 1970 i
Commercial operation: 1980

All civil works except for the purifica-
tion plant, main airlock barrel and
closure of break out panels have been
completed. The calandria is in an
advanced stage of completion and the
end shield manufacture is in progress.

Manufacture of primary heat trans-.

port pumps is also mnearing comple-:
tior. In.the calandria vault, liner and
thermal shield installation are in pro-
gress. End shield rings have been in-
stalled and grouting is in progress. A
25t boiler room crane has been in-’
stalled. Main plant piping, turbine and.
condenser installations have been
initiated.

o
1
!
l

NARORA ATOMIC POWER - |
PROJECT !
2%235 MWe PHWR IDAE :
Indian Department of Atomic Energy
Construction start: March 1976 '

(unit 1); January 1977 (2) F
Commercial operation: Macch 1982

{unit 1); March 1983 (2) :
Detailed desigas in nuclear and con-.
ventional areas have progressed sub-
stantially. Decision was taken on the
type of the steam generator and the
condenser cooling water systems and
detailed designs in these areas are in
progress.

A computer programme for the
dynamic stability of the unit on the
UP State Electricity Board grid
system has bzen made and preliminary
studies completed. Reactor contain-
ment and internal civil structure
designs have substantially progressed.
Preliminary loading diagrams for the
containment and internal structure
including vent shafts and distribution
headers have been finalised. Design of
tha liquid shut off system has been
finalised. '

T N’

* Development works on welding of
ead fittings to calandria, end fitting
szal bellows, end shield diaphragm
stress apalysis and end shield ball
fitting are in progress. Design basis of
the plant cooling water and ventilation
systems have been finalised.
Procurement action for the modera-
tor heat exchangers, tubes for various
reactor auxiliary heat exchangers, feed
water heat plant, secondary cycle
pumps, start-up and unit transformers’
has been initiated. Purchase orders

4
1

for the manufacture of calandria,’

imported carbon steel pipes for PHT"
system, imported material for reactor:
headers have been placed. '

Manufacture of the end shields and;

- primary heat transport pumps are in
progress. Billets for the manufacture

of Unit-1 end fittings have been re- (

ceived and are under further process
to manufacture the end fitting
forgings.

Purchase recommendations for the’
generator transformer, process water
pumps for potentially active loops,

turbine - building crane, have . been !

finalized. Manufacture of the turbo-
generator is in progress. . ' - - -
7 AUsite,-construction -facilities such.
a3 warehouses. office building, garage,

roads and communication facilities
have been cstablished.

(
Works on the main plant buildings,

e.g. Reactor, Turbine and Service
Buildings, have started. Excavation
work for Reactor Building of Unit
No. 1 has been completed while that
for Turbine & Service Building is in
progress. Concreting of the raft of |
the Reactor Building is in progress.
Extensive testing for piling work in
the Turbine Building has been com-
pleted. Regular foundation work on
the Turbine Building is in progress.
Refrigeration, batching and crushing
plants have been commissioned. {
Site fabrication workshop has been
commissioned and fabrication of the
embedded parts has been taken up.
Work on construction of a power
supply from the State Electricity
Board was completed. Two emergency
diesel sets have been erected. .
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