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The mission of IPFM is to analyze the technical basis for practical and achievable policy
initiatives to secure, consolidate, and reduce stockpiles of highly enriched uranium and
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nongovernmental groups.
The Panel is co-chaired by Professor José Goldemberg of the University of São Paulo,
Brazil and Professor Frank von Hippel of Princeton University. Its founding members
include nuclear experts from fifteen countries: Brazil, China, Germany, India, Japan, the
Netherlands, Mexico, Norway, Pakistan, South Korea, Russia, South Africa, Sweden, the
United Kingdom and the United States.
Princeton University’s Program on Science and Global Security provides administrative
and research support for IPFM.
For further information about the panel, please contact the International Panel on Fissile
Materials, Program on Science and Global Security, Princeton University, 221 Nassau
Street, 2nd floor, Princeton, NJ 08542, or by email at ipfm@fissilematerials.org.

Foreword
U.S. President George Bush and Indian Prime Minister Manmohan Singh have proposed
that India have the right to import nuclear reactors and uranium for its nuclear power
program. Since India is not a party to the Nuclear Nonproliferation Treaty (NPT), this
would require an exemption from both the rules of the Nuclear Suppliers Group of
countries and the U.S. Nonproliferation Act of 1978. (The Nuclear Suppliers Group and
Nonproliferation Act were both, in large part, responses to India's use of a research
reactor and reprocessing technology received under the Atoms for Peace Program to
produce and separate the plutonium for its 1974 nuclear-weapon test.)
One of India's commitments under the Bush-Singh proposal would be to support a Fissile
Material Cutoff Treaty (FMCT) that would end production of plutonium and highly
enriched uranium for nuclear weapons. Negotiations at the U.N. Conference on
Disarmament in Geneva on an international treaty have been blocked for the past decade,
however, by disagreements over proposed linkages to discussions of other possible arms
control and disarmament treaties.
In the interim, all five NPT nuclear weapon states (the United States, Russia, the United
Kingdom, France and China) are believed to have stopped producing these materials for
weapons. But India has not joined this fissile-material production moratorium, and
continues to build up its stockpile of weapon materials. It has indicated that this would
continue until agreement on an FMCT is reached. That might take many years.
Another concern about the Bush-Singh proposal is that it would allow India not only to
continue, but also to potentially accelerate the buildup of its stockpile of weapon
materials. Pakistan has indicated that it will expand its own production capability in
response.
India’s production of weapon grade plutonium is currently constrained by the competing
demands of India’s nuclear-power reactors for its limited domestic supply of natural
uranium. If India could import fuel for its civilian nuclear reactors, it could use more
domestic uranium for the production of weapon materials. India has exacerbated the
concern that it might do so by placing eight of its heavy-water power reactors, the breeder
reactor it has under construction, its reprocessing facilities, and its stocks of previouslyproduced reactor-grade plutonium outside international safeguards.
In this IPFM report, two Indian and two Pakistani IPFM members and researchers have
carried out an assessment of how much weapon grade plutonium India could produce
using its unsafeguarded power reactors and breeder reactor. This assessment should be
useful to the governments of India, the United States and the members of the Nuclear
Suppliers Group, and to their publics, as they consider the proposed deal.
José Goldemberg and Frank von Hippel
Co-Chairs, International Panel on Fissile Materials
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Summary
In July 2005, U.S. President George Bush and Indian Prime Minister Manmohan Singh
agreed on a plan to lift U.S. and international restrictions on the supply of nuclear
materials and technology to India. This trade has been restricted for about three decades
because India has not signed the Nuclear Non-Proliferation Treaty (NPT) nor does it
allow International Atomic Energy Agency (IAEA) safeguards on all its nuclear facilities.
The United States has now begun to amend its laws on nuclear trade to make an
exception for India, and has sought similar changes in the rules governing the supply of
nuclear fuel and technology applied by the Nuclear Suppliers Group (NSG) of states.
India has designated several nuclear facilities as civilian, and volunteered them for IAEA
inspection. However, the final shape and status of the deal is still unclear since the U.S.
Congress may attach conditions that India may not accept, and the NSG countries may
not be able to reach the necessary consensus on the deal.
The nuclear deal represents a fundamental transformation of U.S.-India relations and at
the same time, a challenge to the disarmament and non-proliferation regimes. An
important concern is that the deal may enable India to expand its potential nuclear
weapon production capabilities and thus undermine long-standing international efforts to
end the production of fissile materials for nuclear weapons world-wide.
In this analysis, we have assessed fissile material production capabilities in India, and
how they might change as a result of the U.S.-India deal. We have also considered
Pakistan’s current stocks of fissile material, given that it has expressed concerns about the
possible consequences of the U.S.-India deal.
We begin with an estimate of India’s existing stockpile of fissile materials. We find that
India already has about 500 kg of weapon grade plutonium from its CIRUS and Dhruva
reactors, sufficient for roughly a hundred nuclear warheads. We also estimate that India
has a stock of about 11.5 tons of reactor grade plutonium in the spent fuel of its heavy
water based power reactors; it is not clear how much of this has been separated. The
reactor grade plutonium is to be used to fuel under-construction and planned fast breeder
reactor(s), but is also potentially weapon-useable. Under the terms of the deal, this stock
of plutonium is being kept out of safeguards. Another 6.8 tons of reactor grade plutonium
is in the spent fuel produced so far in India’s currently safeguarded reactors.
Pakistan, we find, may have accumulated a stock of 1.3 tons of highly enriched uranium
for its nuclear weapons from its Kahuta gas centrifuge facility, and about 90 kg of
weapon plutonium from its reactor at Khushab. Pakistan also has about 1.2 tons of
safeguarded reactor grade plutonium in the spent fuel from its nuclear power reactors.
We turn then to future production of fissile material in India, assuming that the nuclear
deal goes ahead in its current form. But, we note that even without the deal, India could
still produce additional fissile material for its nuclear weapons.

3

Under the terms of the deal, India’s CIRUS reactor will be shut down in 2010, by which
time it could yield another 45 kg of weapon grade plutonium, while the Dhruva reactor
will continue to operate and to add about 20-25kg/year. There are plans to construct a
new unsafeguarded reactor that can produce at least as much plutonium as Dhruva.
India has also kept the Prototype Fast Breeder Reactor (PFBR) out of safeguards arguing
that “Both from the point of view of maintaining long term energy security and for
maintaining the minimum credible deterrent the Fast Breeder Programme just cannot be
put on the civilian list.” We have estimated that this reactor, to be completed in 2010,
could produce up to 130 kg of weapon grade plutonium each year; this four-fold increase
in India’s current production would amount to another 25 nuclear weapons a year.
India has proposed that between now and 2014 it will declare eight of its sixteen power
reactors as civilian and open them for IAEA safeguarding. We estimate that these eight
reactors could yield another four tons of unsafeguarded plutonium before they are opened
for inspection. The remaining eight power reactors are to be unsafeguarded, ‘military’
facilities. They could add 1250 kg per year of reactor-grade plutonium.
In recent years, India’s nuclear complex has been constrained by access to uranium. We
estimate that India’s current uranium production of less than 300 tons/year can meet at
most, two-thirds of its needs for civil and military nuclear fuel. It has had to rely on
stocks of previously mined and processed uranium to meet the shortfall and is now trying
to increase production. Under the deal, India will be able to import uranium for
safeguarded reactors and we estimate this may give it a ‘surplus’ of 70-120 tons a year of
domestic uranium that it can use, if it so chose, in its weapons program. By expanding its
practice of recycling depleted uranium (containing 0.61% uranium-235) from CIRUS and
Dhruva in its unsafeguarded power reactors, India could increase this ‘surplus.’ We
estimate that this could allow India to produce up to 200 kg a year of weapon grade
plutonium in its ‘military’ power reactors, provided that it can overcome the associated
practical problems of increased rates of spent fuel reprocessing and faster refueling of
power reactors.
Pakistan’s National Command Authority (NCA), chaired by President Pervez Musharraf,
has declared that “In view of the fact the [U.S.-India] agreement would enable India to
produce a significant quantity of fissile material and nuclear weapons from
unsafeguarded nuclear reactors, the NCA expressed firm resolve that our credible
minimum deterrence requirements will be met.” This suggests that an expansion of fissile
material stockpiles in South Asia may ensue, even though it would be at odds with the
policies of “minimum deterrence” announced by both India and Pakistan. Both states
already far exceed the fissile material requirements for a ‘minimal’ nuclear arsenal.
Rather than pursue the option of a large expansion of their nuclear arsenals, they should
choose to suspend all further production of fissile materials for weapons purposes,
pending the negotiation and entry into force of a Fissile Material Cut-off Treaty.
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“It is easy to see that in certain circumstances aid given by the [International Atomic
Energy] Agency with its full safeguards system in operation could help in accelerating a
military programme. Let us assume that the country receiving aid received from the
Agency heavy water or fissile material for a reactor for peaceful purposes. If the country
concerned already has heavy water or fissile material, the loan of the Agency's heavy
water or fissile material to that extent liberates the country's own materials for use in
military programmes.”
Homi Bhabha, Founder of the Indian nuclear program, 1964. 1

I. Introduction
On July 18, 2005, U.S. President George Bush and Indian Prime Minister Manmohan
Singh issued a joint statement in Washington, D.C. laying the grounds for the resumption
of U.S. and international nuclear trade with India. 2 This trade has been suspended for
about three decades because India is neither a signatory to the Nuclear Non-Proliferation
Treaty (NPT) nor allows International Atomic Energy Agency (IAEA) safeguards on all
its nuclear facilities. The July agreement has generated domestic political debate in the
United States and India, and concern on the part of a number of other countries. 3 Among
the issues is the fear that the agreement serves to normalize India’s status as a nuclear
weapon state and so weakens the NPT and the larger nonproliferation regime. Another
important concern is that it may serve to expand India’s potential nuclear weapon
production capabilities, and thus hinder international efforts to end the production of
fissile materials for nuclear weapons.
As part of the July 2005 deal, the Bush Administration offered both to amend U.S. laws
and policies on nuclear technology transfer and to seek the necessary exemptions in the
international controls on the supply of nuclear fuel and technology managed by the
Nuclear Suppliers Group (NSG) of states so as to allow nuclear trade with India. In
exchange for the lifting of these restrictions, India’s government offered to identify and
separate civilian nuclear facilities and programs from its nuclear weapon complex, and
volunteer these civilian facilities for IAEA safeguarding. However, the final shape and
status of the deal is still unclear since it will require the U.S. Congress to amend existing
laws, and a consensus among the NSG countries, both of which may attach conditions
that India may not accept. 4
At the March 2006 summit in New Delhi between President Bush and Prime Minister
Singh, it was announced that the Bush Administration was satisfied with the proposed
Indian plan to separate its program into a civilian and a military component. 5 The
separation plan offers to subject eight Indian power reactors that are either operating or
under construction to IAEA safeguards, in addition to the six reactors that are already
subject to safeguards because they were purchased from abroad [see Appendix 1 for a list
of India’s operating and under construction reactors]. These ‘civilian’ facilities will be
put under safeguards “in a phased manner” by 2014 and thereafter will remain open to
inspections in perpetuity. India’s remaining eight power reactors, all its research reactors,
and the plutonium-fuelled fast breeder reactor program are to be part of the military
5

program. India also offered to shut down, by 2010, a reactor supplied by Canada, for
peaceful purposes, but whose plutonium was used in the 1974 nuclear weapon test. India
also claimed the right to classify, as either civilian or military, any future reactors it might
build.
The nuclear agreement has elicited great concern from Pakistan, which has demanded
from the United States (and been refused) the same deal as is being offered to India. 6
China has called for any exemptions for international nuclear cooperation and trade
agreed to by the NSG to be open to Pakistan as well. 7 The United States has refused. 8
Pakistan’s Prime Minister, Shaukat Aziz, observed that “nuclear nonproliferation and
strategic stability in South Asia will be possible when the U.S. fulfills the needs of both
Pakistan and India for civil nuclear technology on an equal basis,” and warned that “a
selective and discriminatory approach will have serious implications for the security
environment in South Asia.” 9 Pakistan’s National Command Authority (NCA), which is
chaired by President Pervez Musharraf and has responsibility for its nuclear weapon
policies and production, declared that, “In view of the fact the [U.S.-India] agreement
would enable India to produce a significant quantity of fissile material and nuclear
weapons from unsafeguarded nuclear reactors, the NCA expressed firm resolve that our
credible minimum deterrence requirements will be met.” 10 However, at the same time,
Pakistan’s ambassador to the United States, and former Army chief, General Jahangir
Karamat offered that “if bilaterally, the U.S. can facilitate a moratorium on fissile
material production or on testing: we are very happy to be part of that.” 11
We discuss here the technical issues related to fissile materials that are involved in these
concerns about the agreement. 12 First we review the estimated fissile material production
and stockpiles in South Asia. We then assess the significance for India’s future weaponuseable fissile material production capabilities of the line India has drawn between its
civilian and military facilities.
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II. South Asian Nuclear Programs
India and Pakistan have long-standing nuclear weapon programs that are linked to their
civilian nuclear infrastructure. International support was crucial in the development of
these complexes in both states. Most of this support followed the 1953 launch of the U.S.
Atoms for Peace program, which sought to encourage third world countries to become
U.S. allies by offering nuclear technology, but had unfortunate consequences in
facilitating proliferation in South Asia and elsewhere. 13
India
Established in 1948, India’s Atomic Energy Commission turned to the United Kingdom
for the design and enriched uranium fuel for its first nuclear reactor, Apsara. Similarly,
the CIRUS reactor was supplied by Canada while the heavy water used in it came from
the United States. India’s first power reactors at Tarapur and Rawatbhata were supplied
by the United States and Canada respectively. A U.S. design was used for India’s first
reprocessing plant in Trombay. Some of these technologies and materials contributed to
the production and separation of the plutonium used in India’s 1974 nuclear weapons test.
Due to this test and its subsequent refusal to give up its nuclear weapons and sign the
NPT, India has been kept largely outside the system of trade of nuclear technology that
has developed over the past three decades.
India has over the years built a nuclear power program, with fifteen reactors [Appendix
1] providing today an installed capacity of 3310 megawatts electric (MWe), which
accounts for about 3% of India’s installed electricity generation capacity. Thirteen of the
reactors are Pressurized Heavy Water Reactors (PHWRs), the first two of which were
supplied by Canada. The other PHWR reactors are Indian built but largely based on the
Canadian design. The latest evolution of the design has increased the capacity from 220
to 540 MWe. The other two power reactors are first-generation Boiling Water Reactors
supplied by the United States.
Only the four foreign supplied reactors are currently under IAEA safeguards. Two 1000
MWe reactors being built by Russia, under a 1988 deal, will also be safeguarded. These
two large reactors will increase India’s nuclear capacity by over 50 per cent in the next
few years.
For decades, India’s Department of Atomic Energy (DAE) has pursued an ambitious fastbreeder reactor development program. This involves separating plutonium from the spent
fuel produced in natural uranium reactors and using it to fuel fast-neutron breeder
reactors, which in turn could be used to produce U-233 that would eventually serve to
fuel breeder reactors operating on a Th-U-233 closed fuel cycle. 14 These efforts have
made slow progress: the first breeder reactor to be built, the Fast Breeder Test Reactor,
was due to become operational in 1976 but started only in 1985 and has been plagued
with problems. 15 The 500-MWe Prototype Fast Breeder Reactor is not expected to be
completed until 2010, if all goes according to plan. India has also begun work on a
prototype plutonium-thorium-uranium-233 fuelled Advanced Heavy Water Reactor
(AHWR) to gain experience with the thorium and U-233 fuel cycle. 16
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India conducted its first nuclear weapon test in May 1974. There were another five tests
in 1998, involving fission weapons and a thermonuclear weapon. There are reports that at
least one test used plutonium that was less than weapon grade. 17 India is believed to have
a stockpile of perhaps 40-50 nuclear weapons. One report cites plans for 300-400
weapons within a decade. 18
Pakistan
Pakistan obtained its first research reactor from the United States as part of the Atoms for
Peace Program. Its first power reactor, a 137 MWe PHWR built by Canada, began
operating in 1972. Since 2001, a 325 MWe Pressurized (Light) Water Reactor (PWR),
designed and built by China, has been operating at Chashma. A second reactor of the
same type is under construction at the same site. All of these foreign-supplied reactors are
under IAEA safeguards [Appendix 1].
After India’s 1974 nuclear test, Pakistan sought technology both to separate plutonium
and to enrich uranium for its nuclear weapons program. A 1974 deal with France for a
reprocessing plant was canceled in 1978 amid growing concerns about a possible
Pakistani nuclear weapons program. 19 But A.Q. Khan, a Pakistani metallurgist working
for a subsidiary of the European enrichment company, URENCO, was able to acquire
centrifuge technology and Pakistan succeeded in enriching uranium at its Kahuta
centrifuge uranium enrichment facility in 1982. 20 In 1998, Pakistan also began operating
a plutonium-production reactor at Khushab. 21 A second reactor is now under construction
at the same site, with work apparently having begun on it in 2000. 22
In 1998, Pakistan followed India in testing nuclear weapons. A 2001 estimate suggested
Pakistan may by then have had an arsenal of 24-48 nuclear weapons. 23
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III. Current Stocks of Fissile Material in India and
Pakistan
India and Pakistan are producing fissile materials for their nuclear weapon programs.
Along with Israel and perhaps North Korea, they may be the only states currently doing
so. The five NPT nuclear weapon states, the United States, Russia, the United Kingdom,
France and (informally) China, have all announced an end to fissile material production
for weapons.

Weapon grade plutonium
As far as is known, India’s weapon-grade plutonium comes from the 40 megawatt
thermal (MWt) CIRUS and 100 MWt Dhruva reactors (Figure 1).

Figure 1. The Dhruva (left) and CIRUS (right) reactors (IKONOS satellite image courtesy of GeoEye.)

Public details of the operating histories for CIRUS and Dhruva are sparse. CIRUS
became critical in 1960 and fully operational in 1963. An extended refurbishment of
CIRUS started in October 1997, and it resumed operation in October 2003. 24 Dhruva was
commissioned in 1985 but began normal operation in 1988. 25 One figure that has been
published is the availability factor, which is the fraction of time that the reactor is
operable. CIRUS is reported to have an “availability factor of over 70 %.” 26 In 2000,
Dhruva was claimed to have “achieved an availability factor of over 68% during the year
which is the highest so far.” 27
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Assuming that the reactors operate at full power when they are available allows an upperbound estimate of plutonium production. At full power and an availability factor of 70%,
each year CIRUS would produce about 10.2 tons of spent fuel, containing about 9.2 kg of
weapon grade plutonium, and Dhruva would produce about 25.6 tons of spent fuel
containing 23 kg of weapon grade plutonium. 28
Pakistan has a smaller plutonium production potential from its 50 MWt Khushab reactor
(Figure 2). 29 It is a natural uranium-fuelled heavy water reactor and appears to be similar
to India’s CIRUS reactor.

Figure 2. The Khushab reactor (IKONOS satellite image courtesy of GeoEye).

There is little information available about the history and operating experience of the
Khushab reactor, other than that construction started in 1985 and it started operating in
early 1998. 30 Assuming that the Khushab reactor has been operated in a fashion similar to
India’s CIRUS reactor, it could produce almost 12 kg of plutonium per year. 31
The capacity of the second reactor being built at Khushab (Figure 3) is still uncertain.
One estimate suggests it may be as high as 1000 MWt, which would allow it to produce
as much as 200 kg of weapon grade plutonium a year. 32 However, government officials
from the United States and Pakistan, as well as some independent analysts, have disputed
this; a U.S. official claimed that the reactor under construction may be “over 10 times
less capable” than had been reported, i.e. it may have about the same capacity as the
existing one. 33
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Figure 3. The reactor under construction at Khushab (12 August 2006; IKONOS satellite image courtesy of GeoEye).

The estimated cumulative weapon grade plutonium production for India and Pakistan is
given in Table 1. 34 It does not include the possibility of a few tens of kilograms of
plutonium from the lower burn-up initial discharges of India’s unsafeguarded PHWRs
having been added to this stockpile. 35 For both India and Pakistan, it is hard to know how
much of the plutonium that has been recovered from spent fuel has been incorporated into
weapons.
Table 1. Estimated cumulative weapon grade plutonium production (kg) up to 2006

India
Reactor
Cumulative Plutonium production (kg)

Pakistan

CIRUS

Dhruva

Khushab

234

414

92

Spent fuel from CIRUS and Dhruva is reprocessed at the Trombay reprocessing plant.
This plant started functioning in 1964 with a capacity of 30 tons/year, but was shut down
for renovation and a capacity increase after the first Indian nuclear test in 1974. When it
restarted operation in 1985, its capacity had increased to 50 tons/year. 36 India also has
two much larger reprocessing plants at Tarapur (commissioned in 1977) and Kalpakkam
(commissioned in 1998) to recover plutonium from spent power reactor fuel (Table 2). 37
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India plans to increase its annual reprocessing capacity to 550 tons by 2010 and to 850
tons by 2014 to meet the needs of its fast breeder reactor program and AHWR. 38
The spent fuel from Pakistan’s Khushab reactor is believed to be reprocessed at the New
Labs facility near Islamabad, which has a capacity of 10-20 tons/year of heavy metal. 39
In March 2000, it was reported that “recent air samples” which had been “taken secretly”
showed that “Pakistanis have begun reprocessing.” 40 This report seems to be consistent
with estimates of the detectability of krypton-85 released by reprocessing at the New
Labs facility. 41
Table 2. Reprocessing plant capacities in India and Pakistan (tons of heavy metal in spent fuel per year)

India
Trombay

Pakistan

50

PREFRE (Tarapur)

100

KARP (Kalpakkam)

100

New Labs (Rawalpindi)

10-20

Some of India’s weapon grade plutonium has been consumed over the years in nuclear
weapons tests, as reactor fuel and in processing losses. We estimate about 6 kg for India’s
1974 nuclear weapons test. 42 We assume that another 25 kg may have been used in the
five presumably more advanced weapons tests in 1998. As for reactor fuel, we assume
India used 20 kg for the core of the Purnima I research reactor, and 60 kg for the first
(Mark I) core of the Fast Breeder Test Reactor. 43 We estimate about 20 kg to have been
lost in processing. Taken together, this suggests a total of 131 kg of weapon grade
plutonium was consumed. This would leave India with a current stockpile of about 500
kg of weapon grade plutonium, sufficient for about 100 nuclear weapons. 44
Civil plutonium
India’s power reactors produce plutonium in their fuel as a normal by-product of energy
generation. Since the chosen way of dealing with the spent fuel is through reprocessing,
the result is a large additional stockpile of separated plutonium. This plutonium could be
used to make nuclear weapons. 45
As of May 2006, India’s unsafeguarded reactors had produced about 149 trillion watt
hours or terrawatt hours (TWh) of electricity. Their spent fuel would contain about 11.5
tons of plutonium. 46 They are producing about 1.45 tons of plutonium per year. This
spent fuel has to be cooled for some years before reprocessing, but this does not greatly
change the total plutonium content. 47 Assuming fuel is cooled on average for three years,
only spent fuel generated before 2003 would have been reprocessed by 2006, in which
case, no more than about 9 tons of plutonium could have been separated. It is not clear
how much has actually been extracted. 48 PREFRE, the only reprocessing plant dedicated
to dealing with power reactor spent fuel before 1998, has apparently operated at very low
capacity factors. 49
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India’s safeguarded power reactors have produced 108 TWh of electricity, and 1266 tons
of spent fuel, containing about 6.8 tons of plutonium. 50 Little of this spent fuel has been
reprocessed; it is stored in spent fuel pools and then moved to dry cask storage. 51
Pakistan has no unsafeguarded civil plutonium stocks. Both its power reactors, Kanupp
(137 MWe PHWR) and Chashma (325 MWe PWR), are under safeguards. As of May
2006, they had generated cumulatively about 22 TWh of electricity and discharged spent
fuel containing roughly 1.2 tons of unseparated plutonium. 52
Table 3. Estimated cumulative civilian reactor grade plutonium production (May 2006)

Plutonium Content in Spent Fuel (kg)

India
Pakistan

Unsafeguarded

Safeguarded

11,500

6800

---

1200

Figure 4. Spent fuel pool and fuel handling area, Kalpakkam reprocessing plant. 53

Enriched uranium
India has two gas-centrifuge uranium enrichment facilities. The Bhabha Atomic Research
Center complex has had a pilot scale plant operating since 1985 and there is a larger
production scale plant at Rattehalli, near Mysore, Karnataka that has been working since
1990 (Figure 5).
Rattehalli is believed to enrich uranium to fuel the land-prototype reactor for India’s
nuclear-powered submarine project, the Advanced Technology Vessel. 54 Assuming that
the ATV prototype core contained 90 kg U-235 when the core was tested in 2000-2001, a
2004 estimate suggested the enrichment capacity of the Rattehalli plant was about 4000
SWU/y. 55 This corresponds to the facility producing about 40-70 kg/year of 45% to 30%
13

enriched uranium respectively. This enrichment capacity could yield 20 kg/year of
weapon grade uranium (93% U-235).

Figure 5. The centrifuge enrichment plant at Rattehalli, Mysore. 56

For Pakistan, it has been suggested that the enrichment capacity at Kahuta (Figure 6) may
have increased over the past two decades. 57 In this case, it could have produced a
stockpile of 1100 kg of highly enriched uranium by the end of 2003. 58 If production
continued at 100 kg/year, Kahuta would have produced about 1400 kg of weapon grade
uranium by the end of 2006. 59
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Figure 6. The centrifuge halls at Kahuta (IKONOS satellite image courtesy of GeoEye). 60

These estimates do not take into account the possibility that Pakistan may have other
enrichment facilities. In 1999, the U.S. Department of Commerce listed centrifuge
facilities at Golra, Sihala, and Gadwal as also subject to export restrictions. 61 There is no
public indication of their capacity.
Pakistan claims to have tested six nuclear weapons in 1998. Assuming that each weapon
used 20 kg in its core, the tests would have consumed 120 kg of HEU. This would give
Pakistan a weapons HEU stockpile now of about 1300 kg, sufficient for about 65
weapons. 62 It is not known how much of this fissile material is actually in the form of
weapon cores.
Table 4. Estimated cumulative enriched uranium production (kg) in South Asia

India
Pakistan

Assumed SWU Capacity (2005)

Highly Enriched Uranium (kg)

4100

460-700 (45-30% enrichment)

20,000

1400 (90% enrichment)
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IV. Drawing the Line
A central feature of the U.S.-India agreement is the separation of India’s nuclear facilities
into civil and military, with the former category being made available for IAEA
monitoring. At the time of writing, the U.S. Administration had accepted a separation
plan presented by Prime Minister Manmohan Singh to the Indian Parliament on 7 March
2006. 63
According to this proposal, civilian facilities “after separation, will no longer be engaged
in activities of strategic significance” and “a facility will be excluded from the civilian
list if it is located in a larger hub of strategic significance, notwithstanding the fact that it
may not be normally engaged in activities of strategic significance.” Further, the
separation would be conditioned “on the basis of reciprocal actions by the U.S.”
From the 22 power reactors in operation or currently under construction, India has
offered to place eight additional reactors under safeguards between 2006 and 2014, each
with a capacity of 220 MWe. These are:
•

Two Rajasthan reactors still under construction, RAPS 5 and 6, which would be
made available for to IAEA monitoring when they commence operation in 2007
and 2008 respectively,

•

RAPS 3 and 4, which are already operating but would only be available for
safeguards in 2010,

•

The two Kakrapar reactors, which would to be made available for safeguards in
2012, and

•

The two reactors at Narora would become available for safeguards in 2014. 64

Currently, India has four reactors under IAEA safeguards, the U.S.-built Tarapur 1 and 2,
and the Canadian-built Rajasthan 1 and 2. The two Koodankulam reactors that are under
construction by Russia will also be subject to safeguards under the associated IndiaRussian contract.
Some of the facilities at the Nuclear Fuel Complex, Hyderabad, have been identified as
civilian and are to be offered for safeguards by 2008. 65 Other facilities to be declared
civilian include three heavy water plants (leaving at least two out of safeguards), and the
two Away-from-Reactor spent fuel storage facilities that contain spent fuel from the
safeguarded Tarapur and Rajasthan reactors.
India would permanently shut down the Canadian-build CIRUS reactor in 2010, which
has been used to make weapon grade plutonium. It would also shift the spent fuel from
the APSARA reactor to a site outside the Bhabha Atomic Research Centre and make it
available for safeguarding in 2010.
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A significant proportion of India’s nuclear complex would remain outside IAEA
safeguards and could have a “strategic” function. This unsafeguarded nuclear complex
would include the Tarapur 3 & 4 reactors, each of 540 MWe capacity, the Madras 1 & 2
reactors, and the four power reactors at Kaiga. 66 Together, these unsafeguarded reactors
have 2350 MWe of electricity generation capacity. India also will not accept safeguards
on the Prototype Fast Breeder Reactor (PFBR) and the Fast Breeder Test Reactor
(FBTR), both located at Kalpakkam. Facilities associated with the nuclear submarine
propulsion program would not be offered for safeguards.
Reprocessing and enrichment facilities also are to remain outside safeguards. 67
Finally, under the deal, India retains the right to determine which future nuclear facilities
it builds would be civilian and open to safeguards and which would not.
The uranium constraint
One important reason for the DAE’s willingness to agree to have more of its nuclear
facilities placed under safeguards is India’s severe and growing shortage of domestic
uranium. Nuclear Power Corporation of India data shows that most of its reactors have
had lower capacity factors in the last few years. 68 The Indian Planning Commission noted
that these reduced load factors were “primarily due to non-availability of nuclear fuel
because the development of domestic mines has not kept pace with addition of generating
capacity.” 69 An Indian official told the BBC soon after the U.S.-India deal was
announced, “The truth is we were desperate. We have nuclear fuel to last only till the end
of 2006. If this agreement had not come through we might have as well closed down our
nuclear reactors and by extension our nuclear program.” 70 The former head of the Atomic
Energy Regulatory Board has reported that “uranium shortage” has been “a major
problem… for some time.” 71
We analyze here the extent to which this uranium constraint will be eased if the nuclear
deal goes through and the ways in which the uranium supply so liberated could be used to
increase India’s rate of production of plutonium for weapons.
As background, recall that apart from imported low-enriched uranium for two very old
imported U.S. reactors, India relies on its domestic uranium reserves to fuel its nuclear
reactors. As of May 2006, the total electric capacity of India’s power reactors that were
domestically fuelled was 2990 MWe – this includes the Rajasthan 1 and 2 reactors, which
are under safeguards but have to be fuelled by domestic uranium. At 80% capacity, these
reactors would require about 430 tons of natural uranium fuel per year. The weapon
grade plutonium production reactors, CIRUS and Dhruva, consume about another 35 tons
of uranium annually. The uranium enrichment facility would require about 10 tons of
natural uranium feed a year. Thus, the total current requirements are about 475 tons of
domestic natural uranium per year. 72
In comparison, we estimate that current uranium production within India is less than 300
tons of uranium a year, well short of these requirements, but is being expanded rapidly. 73
DAE has been able to continue to operate its reactors by using uranium stockpiled period
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when India’s nuclear generating capacity was much smaller. Our estimates are that, in the
absence of uranium imports or cutbacks in India’s nuclear power generation, this
stockpile will be exhausted by 2007.
India is estimated to have total conventional uranium resources of about 95,500 tons of
uranium, sufficient to supply about 10 GWe installed capacity of PHWRs for forty years
or so. 74 However, the Department of Atomic Energy’s efforts to open new uranium mines
in the country have met with stiff resistance, primarily because of concerns in the
communities around existing mines about the health impacts of uranium mining and
milling. 75 State governments in Andhra Pradesh and Meghalaya, where DAE has found
significant uranium deposits, have yet to approve new licenses for uranium mining and
milling activities. 76 It is possible that DAE may be able to overcome this resistance. The
most likely new sites are in the districts of Nalgonda and Kadapa, Andhra Pradesh, with
projected annual capacities of about 150-200 tons and 250 tons of uranium respectively. 77
If these mines are developed, then India could meet its current domestic uranium needs
for both its nuclear power reactors and weapons program. In the meantime, old mines are
being re-opened and existing mines expanded, including at Jaduguda. 78
In the next few years, the domestic uranium demand for India’s unsafeguarded reactors
will increase further by about 140 tons/year, to 575 tons per year, as the 540 MWe
Tarapur-3 and the 220 MWe Kaiga-3 & Kaiga-4 reactors are completed and begin
operation in 2007. However, the total domestic uranium requirement will begin to
decrease as some of the currently unsafeguarded reactors are opened for inspection in
2010, 2012 and 2014 as well as the Rajasthan-1 and 2 reactors can be fuelled with
imported uranium (Figure 7). Consequently, if India is able to meet the additional
demand for domestic uranium until 2010, the availability of uranium imports allowed by
the U.S.-India deal thereafter will give it a growing excess uranium production capacity
that could be used for weapons purpose.
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Figure 7. Estimated annual domestic uranium requirements for unsafeguarded heavy water power reactors. 79
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India has offered to put 1760 MWe of PHWRs under safeguards (including two reactors
under construction) in addition to the two Rajasthan PHWRs with a combined capacity of
300 MWe that are already under safeguards. Without access to international uranium, all
these reactors would have to be fueled using domestic uranium. At an 80% capacity
factor, they would require about 300 tons of uranium annually. If the deal goes through,
the DAE will be able to purchase these 300 tons of uranium from the international
market, in effect freeing up the equivalent of India’s entire current uranium production
for possible use in military facilities. With Nalgonda on line, the uranium available for
the unsafeguarded power and weapon grade plutonium production reactors and the
enrichment program increases to 450-500 tons/year. This would yield a uranium surplus
of 75-125 tons a year after 2014.
There are several ways in which India could use its freed-up domestic uranium. In
particular, concern has been raised about the possibility that it might be used to increase
India’s production of weapon-grade plutonium. This option has been suggested by,
among others, K. Subrahmanyam, former head of the National Security Advisory Board,
who has argued that “Given India's uranium ore crunch and the need to build up our
minimum credible nuclear deterrent arsenal as fast as possible, it is to India's advantage
to categorize as many power reactors as possible as civilian ones to be refueled by
imported uranium and conserve our native uranium fuel for weapons grade plutonium
production.” 80
There are different ways in which this could be accomplished. One is that India could
choose to build a third reactor dedicated to making plutonium for its nuclear weapons.
There have been proposals for many years to build another plutonium production reactor
at the Bhabha Atomic Research Centre in Bombay. 81 The proposed reactor would be
similar to the 100 MWt Dhruva that has been operating at BARC since 1985. A decision
on whether to go ahead is expected early in 2007. 82 If a reactor of the same power rating
as Dhruva is built, it could yield an additional 20-30 kg of plutonium, i.e. several bombs
worth, each year.
India also could choose to use some of its domestic uranium to make weapon grade
plutonium in one of its unsafeguarded PHWRs. This can be done by limiting the time the
fuel is irradiated, through more frequent refueling. 83 This is beyond the normal design
requirement of PHWR refueling machines, but might be possible. Assuming that such
high refueling rates are sustainable, then a typical 220 MWe pressurized heavy water
reactor could produce between 150-200 kg/year of weapon grade plutonium when
operated at 60-80 per cent capacity. 84 Even one such reactor, if run on a production
mode, could increase India’s current rate of plutonium production by a factor of six to
eight. 85 The net requirement of extra uranium for running one 220 MWe reactor in
production mode is 190 tons of natural uranium. 86
To see if this option can be sustained given India’s supply of domestic uranium, we
summarize in Table 5 various possibilities. The table shows estimates for the uranium
requirements for Dhruva, and of running an unsafeguarded 220 MWe power reactor at
very low burn-up to optimize weapon grade plutonium production. The table also gives
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the aggregate uranium demand of the eight unsafeguarded power reactors if they operate
normally.
Table 5. Uranium requirements for India’s unsafeguarded reactors in various operating modes

Burn Up
(MWd/tHM)

Uranium
Demand
(tons/year)

Dhruva

1000

29

26

One 220 MWe reactor run for weapon
grade plutonium

1000

222

200

Seven reactors in power mode and one
220 MWe reactor in production
mode 87
Seven reactors in power mode with
partial depleted uranium cores and
one 220 MWe reactor in production
mode
All eight reactors in power mode

528

Reactor-Grade
Plutonium
(kg/y)

1147

467
7000

338

All eight reactors in power mode with
partial depleted uranium cores

270

Weapon Grade
Plutonium
(kg/y)

200

200
1265

---

Note: All reactors are assumed to run at 80% capacity factor.

Rows 1 and 3 of Table 5 show that if one power reactor were to be run to produce
weapon grade plutonium, and with normal operation of the other unsafeguarded power
reactors, plus Dhruva, India would require almost 560 tons of uranium per year, for
which additional domestic sources would have to be found.
To offset the additional 190 tons/year of uranium required if India were to operate a
single 220 MWe PHWR in weapon grade plutonium production mode, it could recycle
some of the depleted uranium recovered from the spent fuel from this reactor into the
other seven unsafeguarded power reactors. This scheme involves fuelling 25% of the core
with depleted uranium (containing 0.61% U-235) and ends up saving 20% of the normal
natural uranium requirement, with the average burn up reduced to 5400 MWd/tHM. 88
The resulting 20% saving on the roughly 306 tons/year of natural uranium the seven
power reactors require is equivalent to 61 tons/year of natural uranium. The net penalty
of running one reactor in production mode is reduced from 190 tons/year to about
130/tons per year. 89 This implies that India could operate an unsafeguarded 220 MWe
heavy water reactor in production mode, provided the Nalgonda and other mines can
yield an additional 200 tons/year of uranium, and that India has sufficient reprocessing
capacity to maintain the necessary flow of depleted uranium.
India has already fuelled some PHWRs – including the Rajasthan-3 & 4, Kaiga-2 and
Madras-2 reactors – using natural uranium and depleted uranium recovered as a
byproduct of weapon grade plutonium production. 90 It has used depleted uranium
recovered from low burn-up fuel from CIRUS and Dhruva. 91 These reactors generate
only about 30 tons/year of spent fuel. However, there is a stock of about 750 tons of such
spent fuel. 92 This would suffice for roughly four to five years if all the power reactors ran
on a mixed natural and depleted uranium core.
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Power reactor spent fuel
The nuclear deal does not constrain India’s use of the plutonium from the spent fuel
discharged by any of its currently unsafeguarded reactors. The six currently operating
reactors to be placed under safeguards will add to the current stock of 11.5 tons of reactor
grade plutonium before they are opened to inspection. Operating at 80% capacity, each
reactor would add about 120 kg/year of plutonium during its remaining unsafeguarded
operation. The total contribution from these six reactors will be about 4300 kg before
they are all finally under safeguards (Table 6).
Table 6. Projected plutonium production from 2007 till reactors are safeguarded

Rajasthan-3

Proposed Date of
Safeguarding
2010

Rajasthan-4

2010

475

Kakrapar-1

2012

712

Kakrapar-2

2012

712

Narora-1

2014

950

Narora-2

2014

950

Reactor

Plutonium Production (kg) Before Reactor is Safeguarded
475

Total

4274

The total annual unsafeguarded plutonium production will increase from the current 1450
kg/year as reactors under construction come into operation next year and then decline in
coming years as reactors are opened for inspection. Plutonium production will be reduced
from about 2000 kg/year in 2007 to about 1250kg/year after 2014, when it will stabilize
(Figure 8) unless additional unsafeguarded reactors are built. Thus, the separation plan
will serve to reduce India’s annual production of unsafeguarded plutonium by about onethird.
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Figure 8. Annual production of unsafeguarded plutonium from all Indian power reactors from 2007 until 2016, as reactors
are progressively placed under safeguards.
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The “reactor-grade” plutonium in the high burn up spent fuel being discharged by these
reactors has a different mix of isotopes from weapon grade plutonium. However, reactorgrade plutonium can be used to make a nuclear explosive and, as mentioned earlier, one
of India’s May 1998 nuclear tests is reported to have involved such material. 93
An estimated 8 kg of reactor grade plutonium would be required to make a simple
nuclear weapon. 94 If this plutonium is not put under safeguards, it could provide an
arsenal of over 1300 weapons.
A commonly cited problem with the use of reactor grade plutonium is the increased risk
of a “fizzle yield”, where a premature initiation of the fission chain reaction by neutrons
emitted by fissioning of plutonium-240 leads to pre-detonation of the weapon and an
explosive yield only a few percent of the design value. In Indian PHWR spent fuel,
plutonium-240 is over 22% of the total plutonium (compared to about 5% in weapon
grade plutonium). 95 The greater abundance of plutonium isotopes other than Pu-239 in
reactor grade plutonium also leads to increased heat generation and radiation from a mass
of this material. However, these are not insuperable engineering difficulties.
The U.S. Department of Energy has noted that “At the lowest level of sophistication, a
potential proliferating state or sub-national group using designs and technologies no more
sophisticated than those used in first-generation nuclear weapons could build a nuclear
weapon from reactor grade plutonium that would have an assured, reliable yield of one or
a few kilotons (and a probable yield significantly higher than that). At the other end of
the spectrum, advanced nuclear weapon states such as the United States and Russia, using
modern designs, could produce weapons from reactor grade plutonium having reliable
explosive yields, weight, and other characteristics generally comparable to those of
weapons made from weapons-grade plutonium.” 96 India presumably falls somewhere in
this spectrum.
One ‘modern design’ feature that allows reactor grade plutonium to be used for weapons
is ‘boosting’, in which a gas mixture of deuterium and tritium is introduced into the
hollow core of an implosion weapon just before it detonates. 97 The fusion reaction that is
triggered releases a large quantity of neutrons, which are able in turn to initiate fission
more quickly in a larger mass of the fissile material than the normal chain reaction. This
serves to greatly increase the yield. Indian weapon designers claim to have tested a
thermonuclear weapon with a boosted fission primary in 1998. 98 One history of India’s
nuclear weapons program notes explicitly the use of boosting in a reactor grade
plutonium device test in 1998 and observes that “if validated it would increase India’s
stock of fissile material dramatically.” 99
The fast breeder reactor program
India’s Department of Atomic Energy has consistently offered the potential shortage of
domestic uranium and India’s abundant thorium reserves as the justification for its
plutonium fuelled fast breeder reactor program. India would gain access to the
international uranium market as part of the agreement with the United States and so end
the prospect of future uranium shortages.
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An important concern is that the DAE has chosen to keep the breeder program out of
IAEA safeguards as part of the nuclear deal. In support of this, DAE has raised concerns
that safeguards would unduly constrain reactor research and development programs. 100
But IAEA safeguards do not seem to have compromised or limited the development of
commercial breeder programs in Germany and Japan, or that of new generations of
PHWRs in Canada. The many technical and safety problems that breeder programs in
various countries have experienced have been for other reasons.
DAE chairman Anil Kakodkar has also declared that, “Both from the point of view of
maintaining long term energy security and for maintaining the minimum credible
deterrent the Fast Breeder Programme just cannot be put on the civilian list.” 101 This
suggests that the breeder may be used to produce weapon grade plutonium.
India’s first large breeder reactor, the 500 MWe, Prototype Fast Breeder Reactor (PFBR)
is located at Kalpakkam, near Madras. It is part of a larger complex that includes the
Madras PHWR reactors and a reprocessing plant. This entire complex is being kept
outside safeguards. 102 The PFBR is expected to be completed in 2010 (Figure 9).

Figure 9. Construction activity at Prototype Fast Breeder Reactor, Kalpakkam, April 2006. 103

Fueled initially by reactor grade plutonium separated from PHWR spent fuel, the PFBR
would produce weapon grade plutonium in both its radial and axial blankets of depleted
uranium while plutonium recovered from the core could be recycled for use again as fuel.
To recover the weapon grade plutonium, the core and blanket fuel assemblies would have
to be reprocessed separately. This would include separating the axial blanket from the
part of the fuel assembly that lies within core, which can done by using shearing
machines to cut the fuel assemblies prior to reprocessing. 104 Plans for a dedicated
reprocessing plant for FBR fuel have been developed. 105
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The PFBR is designed to have a thermal power of 1250 MW and an initial inventory of
1910 kg of plutonium in its core. 106 The current design is reported to have an overall,
equilibrium cycle breeding ratio of almost 1.05. 107 Applying the neutron balance in a
generic breeder reactor with a homogeneous core permits a first order estimate of
plutonium production in the PFBR core and its radial and axial blankets. 108 With these
uncertainties in mind, we find that at 80% capacity the PFBR could produce on the order
of 135 kg of weapon grade plutonium every year in its blanket. 109 This would amount to
about 25-30 weapons worth of plutonium a year, a four to five fold increase over India’s
current weapon plutonium production capacity.
India plans to build four additional breeder reactors by 2020, and then move to larger
1000 MWe breeders and eventually install 500 GWe of breeder capacity. 110 Each of the
four planned 500 MWe breeder reactors would need two initial cores before they would
be able to begin recycling their own plutonium, a total of about 16 tons. 111 India would
appear to have more than sufficient unsafeguarded plutonium for placing all four of the
planned breeders in the military sector. If these five breeders are built and all are kept
military, then in about fifteen years, India would be able to produce about 500-800 kg per
year of weapon grade plutonium from them.
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V. Conclusions
The July 2005 U.S.-India joint statement represents a fundamental transformation of
U.S.-India relations and at the same time a challenge to the disarmament and nonproliferation regime. The U.S. Congress and the Nuclear Suppliers Group of countries
will have to take that fact into account as they consider whether or not to approve the
deal.
The March 2006 separation plan proposed by India as the basis for demarcating its
military and civilian nuclear facilities lays the basis for a potentially rapid expansion of
its capacity for fissile material production for weapons.
In this article, we have assessed the fissile material production capabilities in India and
how they might change as a result of the U.S.-India deal.
We have estimated India’s current stockpile of weapon grade plutonium from its CIRUS
and Dhruva reactors and found it to be about 500 kg. Assuming a typical figure of 5 kg of
plutonium for each nuclear warhead, this stockpile would be sufficient for roughly a
hundred weapons.
Under the deal, India will be able to produce another 45 kg of weapon grade plutonium
from its CIRUS reactor before it is shut down in 2010. The Dhruva reactor will continue
to operate and add about 20-25 kg/year. A second Dhruva sized reactor that is being
considered would add a similar amount each year.
The most important potential increase in India’s weapon grade plutonium production will
come from its unsafeguarded fast breeder reactor, the PFBR, to be completed in 2010.
We have estimated that it could produce about 130 kg of weapon grade plutonium each
year, a four-fold increase in India’s current production capability. Note that even in the
absence of the U.S.-India deal, the breeder would have remained unsafeguarded and
could have produced the same amount of plutonium.
India has plans for four more breeder reactors by 2020, which could produce over 500 kg
a year of weapon grade plutonium. The safeguards status of these reactors has not yet
been announced.
These breeders would be fuelled by India’s stockpile of about 11 tons of unsafeguarded
reactor-grade plutonium. This stockpile is currently increasing at about two tons/year. As
part of the U.S.-India deal, India will place six of its reactors under safeguards between
now and 2014 – these will be in addition to the six imported reactors that are required to
be under safeguards. We have estimated that the reactors newly assigned to be
safeguarded will contribute in total another four tons of unsafeguarded plutonium before
they are opened for inspection. Meanwhile, the eight reactors that are designated as
military and will remain unsafeguarded will contribute 1250 kg of reactor grade
plutonium per year.
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Without the deal, India would have sixteen unsafeguarded nuclear reactors (including
five under construction and expected to begin operating in 2007-2008). They would have
produced altogether 2200 kg/year of reactor-grade plutonium. India’s proposed nuclear
facilities separation plan will serve to reduce its annual unsafeguarded plutonium
production by about 40%, to roughly 1250 kg/year. All this reactor-grade plutonium is
also potentially weapon-useable.
India currently fuels thirteen heavy water reactors with a total capacity of 2990 MWe
from domestic uranium. Under the deal, it will be able to fuel the eight of them that are to
be safeguarded using imported uranium. Of the five heavy water reactors under
construction, two are to be safeguarded, while three will be military and not open to
inspection. This will give India 2350 MWe of unsafeguarded heavy water reactor
capacity that it will have to fuel using domestic uranium.
We find that India’s current domestic production of natural uranium of about 300
tons/year is insufficient to fuel its unsafeguarded reactors and sustain its current weapon
grade plutonium and enriched uranium production, which altogether require about 475
tons a year. India has been able to escape this constraint so far by using stocks of
previously mined and processed uranium. As new unsafeguarded reactors come on-line in
2007-2008, India would need altogether about 615 tons of domestic uranium per year.
However, this requirement will decline from 615 tons/year to about 380 tons since India
will be able to import uranium for reactors when they come under safeguards in 2010,
2012, and 2014.
To meet the increased demand, India expects to expand uranium mining. It is hoped that
the proposed Nalgonda mines could produce about 150-200 tons per year, increasing the
total available to about 450-500 tons a year. Assuming this happens, and as the
requirement falls to 380 tons of uranium per year, India may be able to divert the
additional 70-120 tons/year towards producing 60-100 kg/year of weapon grade
plutonium by partially running one of its unsafeguarded power reactors at low burn up.
This will require operating the reactor refueling machines at much higher rates than
normal, which may limit the extent to which this is possible.
We found that it would require an extra 190 tons of natural uranium a year if an entire
200 MWe heavy water reactor were to be shifted from power production to weapon grade
plutonium production. We considered the possibility of India offsetting some of this
natural uranium demand by using recycled depleted uranium (containing 0.61% uranium235) as part of the fuel for its other unsafeguarded power reactors. We found that this
would reduce the natural uranium requirement to 130 tons per year, not very far from the
additional 70-120 tons that may be available. A key constraint on the recycling of
depleted uranium on this scale may be the operational capacity of India’s reprocessing
plants.
It should be noted that only the weapon grade plutonium that could be produced by the
unsafeguarded power reactors (because of the availability of imported uranium) is a
direct consequence of the U.S.-India deal that has been negotiated. The breeder and
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production reactors would have remained unsafeguarded even if there had been no deal.
Only a deal that would have brought the PFBR and all the power reactors under
safeguards would have ensured that Indian fissile material production for weapons
remained at about the current levels.
An expansion of fissile material stockpiles in South Asia would be at odds with the stated
doctrine of both India and Pakistan of pursuing a “minimum deterrence.” It has been
shown that half a dozen modest Hiroshima-yield weapons, if dropped on major cities in
South Asia, could kill over a million people. 112 This suggests that several dozen weapons
would more than suffice to meet any reasonable criteria for “minimum deterrence.” 113
This number would permit a nuclear attack with a dozen warheads and provide for
sufficient redundancy to deal with any concerns about survivability, reliability, and
interception. 114
Both India and Pakistan have already achieved the fissile material requirements for a
‘minimal’ arsenal and it has been argued for some time that they should end production
of fissile material for weapons. 115 Rather than pursue the option of a large expansion of
their nuclear arsenals, they should choose to suspend all further production of fissile
materials for weapon purposes pending the negotiation and entry into force of a Fissile
Material Cutoff Treaty. This is also a necessary step in progress towards nuclear
disarmament.
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Appendix 1: Power Reactors in India and Pakistan
India (note: military reactors will not be open for safeguards)
Power reactor
In Operation
Kaiga-1
Kaiga-2
Kakrapar-1
Kakrapar-2
Madras-1
Madras-2
Narora-1
Narora-2
Rajasthan-1
Rajasthan-2
Rajasthan-3
Rajasthan-4
Tarapur-1
Tarapur-2
Tarapur-4
Under Construction
Kaiga-3
Kaiga-4
Kudankulam-1
Kudankulam-2
Rajasthan-5
Rajasthan-6
Tarapur-3
PFBR

Type

Gross
Power
(MWe)

Start-up date

Safeguards
(June 2006)

Open for
Safeguards

PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
BWR
BWR
PHWR

220
220
220
220
170
220
220
220
100
200
220
220
160
160
540

16-Nov-00
16-Mar-00
6-May-93
1-Sep-95
27-Jan-84
21-Mar-86
1-Jan-91
1-Jul-92
16-Dec-73
1-Apr-81
1-Jun-00
23-Dec-00
28-Oct-69
28-Oct-69
12-Sep-05

Unsafeguarded
Unsafeguarded
Unsafeguarded
Unsafeguarded
Unsafeguarded
Unsafeguarded
Unsafeguarded
Unsafeguarded
Safeguarded
Safeguarded
Unsafeguarded
Unsafeguarded
Safeguarded
Safeguarded
Unsafeguarded

Military
Military
2012
2012
Military
Military
2014
2014
Safeguarded
Safeguarded
2010
2010
Safeguarded
Safeguarded
Military

PHWR
PHWR
VVER
VVER
PHWR
PHWR
PHWR
Fast Breeder

220
220
1000
1000
220
220
540
500

2007 (planned)
2007 (planned)
2007 (planned)
2008 (planned)
2007 (planned)
2008 (planned)
2007 (planned)
2010

Unsafeguarded
Unsafeguarded
Safeguarded
Safeguarded
Unsafeguarded
Unsafeguarded
Unsafeguarded
Unsafeguarded

Military
Military
Safeguarded
Safeguarded
2007
2008
Military
Military

Type

Gross Power
(MWe)

Start-up date

Safeguards
(June 2006)

PWR
PHWR

325
137

13-Jun-00
28-Nov-72

Safeguarded
Safeguarded

PWR

325

2011 (planned)

Safeguarded

Pakistan
Power reactor
In Operation
Chashma-1
Karachi
Under Construction
Chashma-2
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