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Summary 

India has one of the largest nuclear power programs among developing nations. Utilizing plutonium 

produced in these power reactors and discharged in irradiated or spent fuel, India has developed a 

relatively large civil plutonium separation program and an associated fast breeder reactor program 

that is using that separated plutonium.  

 

India has a sizeable nuclear weapons effort. The weapons use separated plutonium produced 

primarily in a set of small, dedicated reactors and a smaller amount produced in nuclear power 

reactors.  It has a growing gas centrifuge program able to produce significant amounts of highly 

enriched uranium (HEU) mostly for naval reactor fuel and perhaps for nuclear weapons, including 

thermonuclear weapons.  

 

India is not transparent about its fissile material stocks. This report estimates Indiaôs stocks of 

separated plutonium and highly enriched uranium. The results are summarized below: 

 

Indiaôs HEU and Plutonium Stocks, end 2014 

HEU 
Naval Reactors 

 Cores HEU (kg) Range 

 4-5 containing HEU 440-880 180-1,800 

Thermonuclear Weapons  

 Material WGU (kg) Range 

 Weapon-grade  Uranium 

(WGU) 

150 100-200 

Research Reactors 

Apsara HEU 5 kg  

    

TOTAL   440-990 280-1,900 

Plutonium 
Military Plutonium (separated) 

 Weapon-grade  Median Value (kg) Range 

  550 kg 375-750 

Civil Plutonium in spent fuel 

 Reactor- and fuel-grade 31,900 kg  

Civil Separated Plutonium  

 Fuel- or reactor-grade 2,900 kg  

Table 1. Indiaôs Fissile Material Stocks as of the end of 2014. 

India has a substantial stock of nuclear weapons made from weapon-grade plutonium, and perhaps 

some thermonuclear weapons that rely on both weapon-grade plutonium and weapon-grade 

uranium.  An estimate of Indiaôs nuclear arsenal can be derived by considering its weapon-grade 

plutonium stock. The resulting estimate has a median of 138 nuclear weapons equivalent with a 

range of 110 to 175 weapons equivalent.  However, the actual number of nuclear weapons India 

built from its stocks of weapon-grade plutonium must be less. When accounting for the amount of 

plutonium in the weapons production pipelines and in reserves, it is reasonable to assume that only 

about 70 percent of the estimated stock of weapon-grade uranium is in nuclear weapons.  Thus, the 
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predicted number of weapons made from its weapon-grade plutonium at the end of 2014 is about 97 

with a range of 77-123.  These values are rounded to 100 nuclear weapons with a range of 75-125 

nuclear weapons. 
 

1. Indiaôs Civil Plutonium Stockpile 

India does not declare its civil inventories of plutonium to the IAEA or to the public.  Therefore, 

this report focuses on estimating them using available information about Indiaôs nuclear 

infrastructure, and specifically its plutonium separation and use activities.  However, these estimates 

remain uncertain because of the shortage of information due to the Indian governmentôs secrecy 

about many of its nuclear activities related to plutonium separation.  

1.1 Civil Plutonium Production 

Most of Indiaôs operational power reactors are natural uranium fueled heavy water-moderated 

reactors (PHWRs).  India purposely selected these reactors, believing it could make them while 

bypassing the need to make enriched uranium.  At the same time, it wanted reactors that could 

produce sufficient amounts of plutonium free from international constraints to fuel fast breeder 

reactors.  

 

At the end of 2014, the Nuclear Power Corporation of India Ltd. (NPCIL) operated 20 nuclear 

power reactors with an installed capacity of 5,680 MWe. Among these reactors, the 1,000 MWe 

Kudankulam Nuclear Power Project-1 (KKNPP-1) became operational on December 31, 2014. Its 

second unit (KKNPP-2) is in advanced stage of commissioning, while the four 700 MWe 

pressurized heavy water reactors (PHWRs) at Kakrapar, Gujarat and Rawatbhata, Rajasthan were 

under construction.2 During the year 2014, Indiaôs power reactors recorded an overall capacity 

factors of about 82 percent. 3 During the year 2014, the availability factor for all the reactors in 

operation was 89%.4 

 

During operation, all of the power reactors produce plutonium in the fuel.  As of the end of 2014, 

Indian power reactors had discharged about 34.8 tonnes of plutonium in spent or irradiated fuel.  As 

will be shown below, several tonnes of this plutonium have been separated and were not in 

irradiated form at the end of 2014. 

 

  

                                                           
2 Government of India, Department of Atomic Energy, Annual Report, 2014-2015, p. 43, 

http://dae.nic.in/writereaddata/areport/ar1415.pdf.  
3 Nuclear Power Corporation of India Limited, ñPlants Under Operation,ò 2014, 

http://www.npcil.nic.in/main/AllProjectOperationDisplay.aspx.  
4 DAE Annual Report, 2014-2015, op.cit.  

http://dae.nic.in/writereaddata/areport/ar1415.pdf
http://www.npcil.nic.in/main/AllProjectOperationDisplay.aspx
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Unit  Reactor Type Capacity (MWe) Commercial 

Operation (year) 

Current Status 

Tarapur Atomic Power Station (TAPS), Tarapur, Maharshtra5 

1 BWR 160 1969 Operational 

2 BWR 160 1969 Operational 

3 PHWR 540 2006 Operational 

4 PHWR 540 2005 Operational 

Rajasthan Atomic Power Station (RAPS) Kota, Rajasthan6 

1 PHWR 100 1972 Operational 

2 PHWR 200 1980 Operational 

3 PHWR 220 2000 Operational 

4 PHWR 220 2000 Operational 

5 PHWR 220 2009 Operational 

6 PHWR 220 2010 Operational 

7 PHWR 700 June 2016 Under Construction 

8 PHWR 700 December 2016 Under Construction 

Madras Atomic Power Station (MAPS), Kalpakkam, Chennai, Tamil Nadu7 

1 PHWR 220 1983 Operational 

2 PHWR 220 1985 Operational 

Narora Atomic Power Station (NAPS), Narora, Bulandshahar, Uttar Pradesh8 

1 PHWR 220 1989 Operational 

2 PHWR 220 1992 Operational 

Kakrapar Atomic Power Project (KAPP) Kakrapar, Surat, Gujarat 9 

1 PHWR 220 1992 Operational 

2 PHWR 220 1995 Operational 

3 PHWR 700 Under Review Under Construction 

4 PHWR 700 Under Review Under Construction 

Kaiga Atomic Power Station, Kaiga District, Uttar Kannada, Karnataka 

1 PHWR 220 2000 Operational 

2 PHWR 220 1999 Operational 

3 PHWR 220 2007 Operational 

4 PHWR 220 2011 Operational 

Kudankulam Atomic Power Project (KKNP), Tamil Nadu10 

1 VVER-PWR 1000 2013 Operational 

2 VVER-PWR 1000 December 2015 Under Construction 

(3&4)11 Expansion of Units 1&2   Planned 

Jaitapur  Nuclear Power Project, Maharashtra 

(1&2)12 EPWR 1650  Planned (in 

technical 
cooperation with 

France) 

PFBR in 

Madras  

FBR 500  Under Construction 

Gorakhpur Anu Vidyut   

(1&2)13  700  Planned 

Table 2. Indiaôs power reactors. 
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1.2 Plutonium Separation 

India has ambitious plans to separate plutonium to produce MOX fuel for use in fast breeder reactor 

reactors (FBRs).  At present, India has two reprocessing centers in operation at Tarapur and 

Kalpakkam dedicated to separating plutonium for reuse in civilian reactors.  These plants are based 

on PUREX technology.14  The one at Kalpakkam has also been used to separate plutonium for 

military purposes. 

India first developed the capability to separate plutonium in 1964, when it commissioned the 

Trombay reprocessing facility at Bhabba Atomic Research Center (BARC).  Its principal purpose is 

to produce plutonium for nuclear weapons.  Trombay has reprocessed irradiated fuel from the 

relatively small Cirus and Dhruva reactors.  It has a nominal capacity of 50-60 tons of spent fuel per 

year.15  

The Power Reactor Fuel Reprocessing (PREFRE) facility, located at Tarapur, near Bombay, began 

operation in 1979.  Although designed to separate plutonium from Indiaôs PHWRs, it first processed 

                                                           
5 Tarapur was Indiaôs first nuclear power station built as a result of a 1964 contract between India, the United States, and the IAEA. 

Up to 1974, the United States supplied the fuel for this facility, but then withdrew support after India conducted its first nuclear 

weapons test. Fuel was subsequently provided by France, China, and Russia under IAEA safeguards. Nuclear Power Corporation of 

India Limited, Tarapur Atomic Power Station (TAPS), http://www.npcil.nic.in/main/ProjectOperationDisplay.aspx?ReactorID=73.  
6 RAPS was constructed in 1973 with Canadian assistance. However, Canada withdrew its assistance after the 1974 nuclear test. 

Construction of Units 7-8 were accelerated and are expected to be completed by the end of 2016.See Nuclear Power Corporation of 

India, http://www.npcil.nic.in/main/ConstructionDetail.aspx?ReactorID=87.   
7 MAPS is the first indigenously built power station. MAPS has experienced several cracks and vibration problems since becoming 

operational. MAPS also experienced a severe nuclear accident involving the spillage of large amounts of radioactive heavy water, 

resulting in considerable radiation exposure to seven technicians. Nuclear Threat Initiative, Madras Atomic Power Station (MAPS), 

2013, http://www.nti.org/facilities/74/; Rajasthan Atomic Power Station (RAPS), 2014, 

http://www.npcil.nic.in/main/RAPS_Operating_Experience.aspx.  
8 NAPS has suffered several technical issues including a large fire that ignited after a malfunction in Unit-1. Unit-2 was completely 

shut down for a month after an air-locking inner door malfunctioned in 1999. On January 9, 2013 NAPS experienced another minor 

fire. The PHWR reactors at NAPS, RAPS, KAPS, and Kaiga have an added safety feature consisting of a double-domed containment 

structure. The double dome feature was designed after the Kaiga 1 reactor experienced a partial collapse of its inner dome during 

construction in 1994. NAPS is not under IAEA safeguards. National Power Corporation of India Limited, Incident in Turbine Hall of 

Narora Atomic Power Station Unit-1, 2013, http://www.npcil.nic.in/pdf/Operating_Experience_narora.pdf.  
9 In November 2010, India started the construction of the first pair of indigenously designed 700 MWe PHWRs. However, the 

expected date of commercial operation is under review. See Kakrapar Atomic Power Project, 

http://www.npcil.nic.in/main/ConstructionDetail.aspx?ReactorID=91.  
10 The Kudankulam  Nuclear Power Project aims at building two new LWRs with a capacity of 1000 MWe each. This project is being 

implemented with Russian technical cooperation. Although the plants were scheduled for 2007 and 2008, local protests and agitation 

affected the work between October 2011 and March 2012. Unit-1 was synchronized to the grid in October 2013 and started 

commercial operation December 2014. Unit-2, is expected to commence operation in December 2015. See Kudankulam Atomic 

Power Project, http://www.npcil.nic.in/main/ConstructionDetail.aspx?ReactorID=77.    
11 The Kudankulam Units 3&4 are an expansion of Units 1&2 and will be implemented in cooperation with Russia. During the year 

2013 the project obtained administrative and financial approval and all clearances were obtained.  Government of India, Department 

of Atomic Energy, Annual Reports, 2013-2014, http://www.dae.nic.in/writereaddata/ar2014_v2.pdf. 
12 In October 2009 the Government of India accorded in-principle approval to locate six 1650 MW Evolutionary Pressurized Water 

Reactors (EPWR) - although only two are planned for now - in technical cooperation with France. The land was acquired from 

Jaitapur State, environmental and costal clearances were obtained. Pre-project activities are in progress. Government of India, 

Department of Atomic Energy, Annual Report, 2014-2015,  http://dae.nic.in/writereaddata/areport/ar1415.pdf.  
13 The Gorakhpur Anu Vidyut Parlyojana Harayana (GHAVP) aims to build 2 units, each with a capacity of 700 MWe. The land, 

along with the environmental clearances, were obtained, and the launch of the project is expected in June 2015. Government of India, 

Department of Atomic Energy, Annual Reports, 2013-2014. http://www.dae.nic.in/writereaddata/ar2014_v2.pdf.  
14 ñIndian Programme on Reprocessing,ò BARC Highlights, 

http://www.barc.gov.in/publications/eb/golden/nfc/toc/Chapter%206/6.pdf  
15 Ibid. 

http://www.npcil.nic.in/main/ProjectOperationDisplay.aspx?ReactorID=73
http://www.npcil.nic.in/main/ConstructionDetail.aspx?ReactorID=87
http://www.nti.org/facilities/74/
http://www.npcil.nic.in/main/RAPS_Operating_Experience.aspx
http://www.npcil.nic.in/pdf/Operating_Experience_narora.pdf
http://www.npcil.nic.in/main/ConstructionDetail.aspx?ReactorID=77
http://www.dae.nic.in/writereaddata/ar2014_v2.pdf
http://dae.nic.in/writereaddata/areport/ar1415.pdf
http://www.dae.nic.in/writereaddata/ar2014_v2.pdf
http://www.barc.gov.in/publications/eb/golden/nfc/toc/Chapter%206/6.pdf
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Cirusôs spent fuel.16  The nominal annual capacity of this facility is usually listed as 100-150 tons of 

CANDU spent fuel per year, although it rarely ever achieved such capacities.   

In 2010, a second plant, PREFRE-II, was commissioned, replacing the first PREFRE facility, now 

called PREFRE-I.  In 2012 and 2013 PREFRE-I was carrying out aged plutonium purification work 

which typically means removing americium-241 from previously separated plutonium.  The 

americium is a decay product of plutonium-241 and builds up over time in the separated plutonium, 

increasing the radioactive doses to those who process this older plutonium.  PREFRE-II has 

apparently worked better than PREFRE-I and is achieving high availability factors, which refers to 

the amount of time the facility is operation, regardless of actual through puts of spent fuel achieved 

in that time period.  The Department of Atomic Energy stated that during 2012-2013 the plant 

operated with outstanding performance in terms of production and process parameters.17 There are 

similar reports in 2014. 

Indiaôs Kalpakkam Reprocessing Plant (KARP), commissioned in 1998, was also built to process 

PHWR fuel and has an annual nominal capacity of 100 tons a year.18  It experienced low irradiated 

fuel throughputs initially and an accident in 2003 that led to a five year shutdown and renovation.  

KARP restarted in 2008/2009.  This plant has operated more successfully after the renovation.  

India also initiated a project, named P3A, designed to increase the capacity of PHWR fuel 

reprocessing at Kalpakkam.  A co-located Fast Reactor Fuel Cycle Facility (FRFCF), to reprocess 

and re-fabricate the fuel from the Prototype Fast Breeder Reactor (PFBR), is being set up at 

Kalpakkam (see next section).  Necessary site infrastructure has already been created.19 

1.2.1 Indiaôs Fast Breeder Reactors 

India has an ambitious program to develop fast breeder reactors.  It started the small Fast Test 

Breeder Reactor (FTBR) in 1985 but it has not operated optimally.  Nonetheless, it has served to 

test breeder reactor fuel and components.  

Indiaôs first 500 MW Prototype Fast Breeder Reactor (PFBR), under construction at Kalpakkam in 

Tamil Nadu, was scheduled to start operation in 2010.20  However, this date was later revised. The 

new date of criticality was first moved to September 2014 with commercial operation envisaged by 

March 2015.21  However, in August 2014, the start-up date was further postponed, reportedly well 

into 2015.22  As of the date of this report, it has not yet started.  The official reasons for the delays 

appear to be connected to technological complexities of making and quality testing all the 

                                                           
16 Government of India, Department of Atomic Energy, Annual Report 1980-81, p.4: Annual Report 1981-81, p.26; Annual Report 

1983-84, pp. 6-31; and BARC, Annual Report 1985-86 (BARC: Bombay, 1986).  
17 Government of India, Department of Atomic Energy, Annual Report, 2012-2013, p. 63, 

http://dae.nic.in/writereaddata/areport/ar1213_big.pdf.  
18 ñIndian Programme on Reprocessingò (op. cit.).  
19 Statement by Dr. Ratan Kumar Sinha, International Atomic Energy Agency, 57th General Conference, September 18, 2013, 

http://dae.nic.in/writereaddata/gc2013_stmt.pdf.  
20 This is a 500 MWe Prototype fast breeder reactor to be built in Kalpakkam and would need about 2 tonnes of plutonium for its 

initial core and have a refueling requirement of several hundred kilograms of plutonium each year. Indiaôs first 40 MWt Fast Breeder 

Test Reactor attained criticality in 1985 at BARC; the current prototype at Kalpakkam follows a 500 MWe design. Shakti, Anu, 

Atomic Energy in India: Fast Breeder Reactors (date unavailable). Bhabha Atomic Research Centre, Government of India 

Department of Atomic Energy, http://www.barc.gov.in/about/anushakti_fbr.html. 
21 Shri V. Narayanasamy, Availability of Plutonium for the FBR, Government of India, Department of Atomic Energy, Rajya Sabha 

Unstarred Question No. 468, August 8, 2013, http://dae.nic.in/writereaddata/parl/mansoon2013/rsus468.pdf.  
22 ñStart-up of Indiaôs PFBR delayed,ò Nuclear Engineering International, August 11, 2014,   

http://www.neimagazine.com/news/newsstart-up-of-indias-pfbr-delayed-4340186 . 

http://dae.nic.in/writereaddata/areport/ar1213_big.pdf
http://dae.nic.in/writereaddata/gc2013_stmt.pdf
http://www.barc.gov.in/about/anushakti_fbr.html
http://dae.nic.in/writereaddata/parl/mansoon2013/rsus468.pdf
http://www.neimagazine.com/news/newsstart-up-of-indias-pfbr-delayed-4340186
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equipment.  Making enough plutonium fuel for the reactor has been challenging because of 

shortages of separated plutonium due to problems in the plutonium separation plants.23  Certainly, 

as will be discussed below, a lack of adequate fuel would have made starting up in 2010 as 

originally envisioned very difficult.  

Indira Gandhi Centre for Atomic Research (IGCAR) 

Kalpakkam, Tamil Nadu 

Reactor Type Capacity Date of Operation Status 

Fast Breeder Test Reactor 

(FBTR) 

40 MWth October 18, 1985 Operational 

Prototype Fast Breeder Reactor 

(PFBR) 

500MWe Expected 2015/2016 Close to Startup 

Table 4. Reactors at the Indira Gandhi Centre for Atomic Research. 

Indiaôs Atomic Energy Commission intends to follow the PFBR with two more Commercial FBRs 

whose construction is slated for 2017, although this date could be postponed.  Ultimately, the 

official plan calls for three additional breeder reactors by 2020 before scaling up to 1,000 MWe 

breeder reactors. 

Whether India can build these fast reactors on schedule, including separating enough plutonium for 

them, is doubtful based on the past performance of its reprocessing plants and breeder program.  

Indiaôs civil reprocessing plants have not worked as planned, raising questions as to whether India 

can produce enough separated plutonium for such an ambitious fast reactor program. 

1.3 Unirradiated Plutonium Inventory 

India does not declare its civilian plutonium inventory like those states that submit INFCIRC/549 

declarations.  It also provides little data allowing a reliable estimate of its stock of unirradiated 

plutonium, either in separated form, e.g. oxide powders or nitrate solutions, or in MOX fuel, 

whether for fast or thermal reactors.   

There have been many earlier attempts to derive an estimate of Indiaôs civilian unirradiated 

plutonium inventory, including by one of the authors of this report.24  These estimates have 

typically tried to estimate throughputs of spent fuel through the PREFRE and KARP reprocessing 

plants. But without any public data on these throughputs or these plantsô capacity factors, these 

estimates are highly uncertain and unverifiable.   

An alternative methodology to derive an estimate of the size of Indiaôs current stock of unirradiated 

plutonium is to consider the production of MOX fuel for Indiaôs civil reactors.  Because historically 

India has had a shortage of MOX fuel, almost all civil plutonium separated at its PREFRE and 

KARP sites is slated for use in MOX fuel and not stored.  This method eliminates the need to 

estimate the actual annual irradiated fuel throughputs in the PREFRE and KARP plants.  In 

                                                           
23 Jaideepa A. Prabhu, ñWhat is Indiaôs Plutonium Story?ò Centre Right India, January 22, 2013, http://centreright.in/2013/01/what-

is-indias-plutonium-story/#.UzsFS6hdU48. 
24 David Albright, Frans Berkhout, and William Walker, Plutonium and Highly Enriched Uranium 1996 World Inventories, 

Capabilities and Policies (Oxford: Oxford University Press and Stockholm International Peace Research Institute, 1996). 

http://centreright.in/2013/01/what-is-indias-plutonium-story/#.UzsFS6hdU48
http://centreright.in/2013/01/what-is-indias-plutonium-story/#.UzsFS6hdU48
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addition, it sidesteps the need to estimate how much of the capacity of KARP has been dedicated to 

separating plutonium from MAPS fuel for use in nuclear weapons. 

India has had several civil reactors that have used plutonium separated at the PREFRE and KARP 

plants.  They are the TAPS reactors, PHWRs, and breeder reactors.  Plutonium containing fuels are 

also being developed for future thorium based reactors, such as the advanced heavy water reactor 

(AHWR).   

The MOX made for the LWRs, PHWRs, and as part of the development of the AHWR has largely 

been irradiated in the reactors, alleviating the need for precise knowledge about these amounts when 

determining a current inventory of unirradiated plutonium.25  In any case, the amount of plutonium 

assigned to the MOX program for TAPS is relatively small, likely no more than about 50 

kilograms.26  The amount of separated plutonium assigned to the PHWRs and advanced thorium 

based fuels is likely much smaller than that assigned to the TAPS reactors. 

The FBTR has required a larger supply of separated plutonium since the 1980s, when it started.  

This reactor, however, has never operated at its potential, reducing its plutonium requirements.  

Thus, its total requirement is estimated below at about 200-300 kilograms of plutonium.  Its first 

core contained initially about 60 kilograms of plutonium and in the 1990s and was slated to receive 

another 60 kilograms of plutonium to be separated at the PREFRE plant.27  In 2005, the FBTR was 

evidently still using its first core, the Mark-1 core.  According to the Chairman of the Atomic 

Energy Commission, as of 2005, the second core, or Mark-2 core, was still awaiting separated 

plutonium from the KARPs plant, which had been shut down for renovation.28 The chairman said 

that separation of plutonium at KARP ñfor the Mark-2 core is óon-going.ôò29  Another source states 

that the Mark-2 core would contain 85.6 kilograms of plutonium 239 and 124.4 kilograms of total 

plutonium, values consistent with high burnup of spent fuel.30  The public information supports that 

these two Mark cores received about 200-250 kilograms of separated plutonium. 

                                                           
25 For MOX use in LWRs, see H.S. Kamath, K. Anantharaman, and D.S.C. Purushotham, ñMOX Fuel for Indian Nuclear Power 

Progam,ò International Symposium on MOX Fuel Cycle Technologies for Medium and Long Term Deployment: Experience, 

Advances, and Trends, May 17-21, 1999. This report lists the irradiation level of eight of the ten fuel assemblies made for the TAPS 

reactors. A later report, by K.C Sahoo and S.A. Bhardwaj, ñFuel Performance in Water Cooled Nuclear Reactors,ò INSAC-2003, 

Kalpakkam, states that ten MOX fuel assemblies had been irradiated in TAPS. The need to further develop MOX fuel for TAPS, 

which would have required a re-engineering of the TAPS core, was apparently not carried out due to the acquisition of a new contract 

for low enriched uranium from abroad, according to T.S. Subramanian, ñOur Nuclear Power Program is Not Vulnerable, Kakodkar,ò 

The Hindu, December 7, 2004. The 2003 publication by Sahoo and Bhardwaj states that irradiation of 50 MOX fuel bundles was 

planned in the one of the PHWR reactors at KAPS. According to H.S Kamath, ñFabrication of Mixed Oxide Fuels for Indian Nuclear 

Program,ò INSAC 2003, Kalpakkam. As of 2003, the amount of plutonium in the PHWR fuel bundles was relatively small, where of 

the 19 elements of a fuel bundle only seven elements contained plutonium and the plutonium oxide content of these element was 0.4 

percent. The other 12 elements contained natural uranium oxide. Subsequently, 50 MOX bundles were loaded into a PHWR at 

Kakrapar, according to Srikumar Banerjee, Diretor of BARC, Founderôs Day Address, October 28, 2005. India had plans many years 

ago to make more MOX assemblies for the TAPS reactors, although it is unclear from public information whether India did so. In 

any case, this requirement is seen as relatively small compared to the need for plutonium for the PFBR and also much less of a 

priority. The latter argues that little plutonium was assigned to the TAPS reactors or PHWRs. 
26 R. Chidambaram and C. Ganguly, ñPlutonium and Thorium in the Indian Nuclear Program,ò Current Science, vol. 70, no. 1, 

January 10, 1996. Each MOX fuel assembly contained 3.4 kilograms, see figure 8, p. 30.  Thus, ten fuel assemblies would have a 

mass of 34 kilograms.  
27 Mark Hibbs, ñFirst Separation Line at Kalpakkam Slated to Begin Operations Next Year,ò Nuclear Fuel, December 1, 1997.  
28 Mark Hibbs, ñDAE Reprocessing Program Remains Modest in Scope,ò Nuclear Fuel, April 14, 2003. 
29 Ibid. 
30 International Atomic Energy Agency, Fast Reactor Database, 2006 Update, IAEA-TECDOC-1531, December 2006, p, 32, 

http://www-pub.iaea.org/MTCD/Publications/PDF/te_1531_web.pdf.  

http://www-pub.iaea.org/MTCD/Publications/PDF/te_1531_web.pdf
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The main requirement for separated plutonium has been the PFBR.  In 2004, Anil Kakodkar, 

Chairman of the AEC, said that India had plans to use the MOX fuel for breeder reactors, implying 

that large-scale MOX fuel use in the TAPS or PHWR reactors was not preferred.31   

With the PREFRE and KARP reprocessing plants not working well in the 1990s and 2000s, India 

developed a plutonium shortage for the PFBR.  That there was a shortage of separated plutonium 

for this reactor can be witnessed by official statements:  

¶ During the 2007 Founderôs Day Address, the Director of BARC stated the current priorities, 
of which the ñfirst and foremost is to meet our commitment to supply fuel for the PFBR. As 

you are aware, this is a very big task, which involves reprocessing large quantity of spent 

fuel and converting the recovered plutonium into fast reactor fuel of exacting 

specifications.ò32 He added that they ñhave been working against time to meet this 

immediate requirement.ò 

¶ In 2008, the Director of BARC stated, ñWith KARP coming back to operation, we will be 
able to accelerate the production rate of fast reactor fuel, which I consider the most 

important mandate of BARC in the immediate future.ò33 

¶ In 2009, the Director of BARC stated, ñToday, a bigger challenge lies ahead of us to supply 
the mixed oxide fuel requirements for the Prototype Fast Breeder Reactor.ò34  

 

The vast bulk of any civil plutonium separated has gone into the fuel of the PFBR.  Since this 

reactor has not yet operated, the fuel contains fresh plutonium.  Unirradiated plutonium outside this 

fuel and associated fuel manufacturing complex is likely relatively small. 

Media reports state that the initial core of the PFBR would need 1.9-2.0 tonnes of plutonium for its 

initial criticality.35  A technical study from 1999 contains data that allows a more rigorous estimate 

of the coreôs plutonium content, although missing data leads to a broader range, namely 1.7-2.3 

tonnes.36  Here, the average of 2 tonnes is used in subsequent estimates. 

The PFBR will require refueling and thus additional plutonium.  A 2003 estimate stated that the 

PFBR would need about 400 kilograms of plutonium annually, if it operates relatively well.37 

                                                           
31 T.S. Subramanian, ñOur Nuclear Power Program is Not Vulnerable, Kakodkarò The Hindu, December 7, 2004. 
32 Srikumar Banerjee, Director BARC, Founderôs Day Address 2007, http://www.barc.gov.in/presentations/fddir07.html. 
33 Srikumar Banerjee, Director BARC, Founderôs Day Address 2008, http://www.barc.gov.in/presentations/fddir08.html. 
34 Srikumar Banerjee, Director BARC, Founderôs Day Address 2009, http://www.barc.gov.in/presentations/fddir09.pdf. 
35 ñDAE Reprocessing Program Remains Modest in Scope,ò op. cit. and ñFirst Separation Line at Kalpakkam Slated to Begin 

Operations Next Year,ò (op. cit.). 
36 ñMOX Fuel for Indian Nuclear Power Progam,ò International Symposium on MOX Fuel Cycle Technologies, op. cit. Table IV 

provides a linear mass density of each MOX fuel pin of about 2.33 grams per centimeter. Another study, ñDesign of Prototype Fast 

Breeder Reactor,ò by Indira Gandhi Centre for Atomic Research (December 2003), states that each fuel pin has a central section of 

100 centimeters of annular MOX fuel.  In total, each fuel pin would contain 233 grams of MOX material, namely plutonium and 

uranium oxides. With 217 pins per assembly and a total of 181 assemblies, the core would contain 9,151 kilograms of MOX material, 

close to the 9.2 tonnes given in Table IV.  Here, the total refers to the combined mass of the uranium oxide and plutonium oxide in 

the fuel. Considering only the mass of the uranium and plutonium reduces the total to about 8,053 kilograms of uranium and 

plutonium.  The fraction of plutonium in the fuel varies, an unspecified amount of the MOX fuel is enriched to 21 percent plutonium 

oxide and another amount is enriched to 28.4 percent plutonium oxide.  First considering the extremes, where all MOX fuel is either 

enriched to 21 percent or 28.4 percent range, the total amount of plutonium is 1.7 tonnes or 2.3 tonnes, respectively.  The average is 2 

tonnes of plutonium. 
37 S. Govindarajan, ñEconomics of FBR Fuel Cycle,ò INSAC 2003, Kalpakkam.  

http://www.barc.gov.in/presentations/fddir07.html
http://www.barc.gov.in/presentations/fddir08.html
http://www.barc.gov.in/presentations/fddir09.pdf
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One estimate of the amount of civil irradiated plutonium put into PFBR fuel is based on an 

assessment of public statements about progress in making this reactorôs fuel.   

¶ In 2007, manufacturing of MOX fuel pins for the PFBR started at the Tarapur MOX 

fabrication plant and 434 pins were made.38 Each fuel assembly contains 217 pins, meaning 

that two fuel assemblies were made in that year, out of a total of 181 needed. These 

assemblies contained about 22 kilograms of plutonium, based on assuming that the initial 

core contains about 2 tonnes (2,000 kilograms) of plutonium. 

¶ In 2009, the landmark of 1,000 PFBR fuel pins was achieved at the Tarapur MOX plant.39  

1,000 fuel pins contained about 51 kilograms of plutonium. 

¶ After a five year renovation, KARP went back on-line in 2008 and 2009.  The rate of 

separation of plutonium likely increased significantly afterwards.40  PREFRE II started 

processing radioactive material in early 2011, contributing to greater plutonium separation. 

¶ In 2013, the Advanced Fuel Fabrication Facility at Tarapur was working continuously and 

had fabricated 75 percent of the fuel needed for PFBRôs criticality, corresponding to 1,500 

kilograms of unirradiated plutonium.41  

¶ By early January 2014, 95 percent of fuel required for PFBR criticality had been fabricated, 

corresponding to 1,900 kilograms of unirradiated plutonium.42 

¶ By the end of the 2014, 100 percent of the fuel needed for criticality had been made.43  

 

Given that almost all separated plutonium has gone into making PFBR fuel, and much of the rest is 

already irradiated in reactors, Indiaôs civil unirradiated plutonium inventory as of the end of 2013 is 

taken as about 1.9 tonnes in FBTR fuel and another several hundred kilograms in unirradiated form 

at the PFBR fuel manufacturing complex, a stock of aged plutonium slated for processing at 

PREFRE-I, a stock of plutonium freshly separated at KARP and PREFRE-II, and miscellaneous 

amounts.  These additional stocks probably do not exceed several hundred kilograms.  In sum, 

Indiaôs civil plutonium inventory at the end of 2013 is estimated to be 2,500 kilograms.  Most of 

this plutonium will become irradiated once the PFBR starts, lowering the inventory of unirradiated 

plutonium. 

A crude estimate of the current rate of plutonium separation can be drawn from the above data on 

the fabrication of PFBR fuel.  Up to 2009, when the renovated KARP started and before PREFRE-

II started, little plutonium was separated.  From 2009 to sometime in 2013, about 1.5 tonnes were 

fabricated into fuel, or about an average of about 370 kilograms of plutonium per year.  From 2013 

through early 2014, about 400 kilograms were fabricated into fuel.  These amounts correspond to 

the annual average separation of plutonium at the PREFRE-II and KARP plants.  Thus, India is 

separating far more plutonium today than it did ten years ago, prior to KARPôs renovation and the 

start of PREFRE-II.  

                                                           
38 Srikumar Banerjee, Director BARC, Founderôs Day Address 2007, http://www.barc.gov.in/presentations/fddir07.html. 
39 Srikumar Banerjee, Director BARC, Founderôs Day Address 2009, http://www.barc.gov.in/presentations/fddir09.pdf.  
40 Srikumar Banerjee, Director BARC, Founderôs Day Address 2009, http://www.barc.gov.in/presentations/fddir09.pdf. 
41 Sekhar Basu, Director BARC, Founderôs Day Address 2013, http://www.barc.gov.in/presentations/fddir13.pdf. 
42 65th Republic Day Speech by Director, BARC, January 26 2014, http://www.barc.gov.in/presentations/20140126.pdf. 
43 Sekhar Basu, Director BARC, Founderôs Day Address 2014, October 30, 2014, http://gcnep.gov.in/presentations/fddir14.pdf. 

http://www.barc.gov.in/presentations/fddir07.html
http://www.barc.gov.in/presentations/fddir09.pdf
http://www.barc.gov.in/presentations/fddir09.pdf
http://www.barc.gov.in/presentations/fddir13.pdf
http://www.barc.gov.in/presentations/20140126.pdf
http://gcnep.gov.in/presentations/fddir14.pdf
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These values can be used to estimate that India separated another 400 kilograms of plutonium in 

2014. Thus, Indiaôs estimated stock of separated plutonium is about 2,900 kilograms at the end of 

2014.  

The annual rate of separated plutonium can be converted into a corresponding rate of unirradiated 

fuel processed at the reprocessing plants.  A reasonable estimate is that the irradiated fuel contains 

about 3.5 kilograms of plutonium per tonne of fuel.  At this concentration, an annual average 

separation of 400 kilograms of plutonium would correspond to about 115 tonnes of irradiated fuel 

per year.  

2. Indiaôs Military Plutonium Stockpile 

Despite many obstacles, India has managed over several decades to put in place a relatively large 

nuclear weapons production complex.  Its current complex can produce plutonium and highly 

enriched uranium for nuclear weapons and nuclear powered submarines.  It has a sophisticated 

missile production complex that provides the delivery systems for its nuclear weapons. 

 

Indian nuclear weapons use weapon-grade plutonium.  The bulk of this plutonium for nuclear 

weapons has come from the Cirus and Dhruva heavy water reactors, both located at the Bhabba 

Atomic Research Center (BARC) in Mumbai.  Canada supplied the Cirus reactor for peaceful 

purposes only, and India designed and built the Dhruva reactor.  India likely procured many goods 

for these reactors overseas.  

 

The plutonium from these reactors has been separated from the irradiated fuel at the adjacent 

Trombay plant.  India started the Trombay plutonium separation plant in 1964 to reprocess 

irradiated fuel from the Cirus reactor.  It was shut down in 1974 for renovation and expansion and 

restarted in 1983 or 1984.  While the Trombay plant was closed, Cirusô irradiated fuel was 

processed at the nominally civil PREFRE reprocessing plant north of Mumbai that began operation 

in 1979.  Afterwards, the Trombay plant processed the irradiated fuel from both the Cirus and 

Dhruva reactors. 

 

According to a senior U.S. official, after the 1998 tests, India used its civil power reactors to 

ñsurgeò weapon-grade plutonium production for its nuclear weapons program.  India explained to 

U.S. officials at that time that it needed to build up its weapons plutonium stock after the 1998 tests 

before it engaged in negotiations for a Fissile Materials Cutoff Treaty (FMCT), negotiations which 

have still not come to fruition.  It may have subsequently produced additional weapon-grade 

plutonium for nuclear weapons in its civil power reactors.  In addition, during power reactor startup, 

the first fuel discharges usually contain weapon-grade plutonium, which may have been processed 

for weapons use.  

 

India may have also held a stock of reactor-grade plutonium potentially for use in nuclear weapons.  

Although generally India is not believed to use reactor-grade plutonium in nuclear weapons, Indian 

nuclear experts are reported to have evaluated this plutoniumôs use in nuclear weapons and India 

may have decided to create a reserve stock of reactor-grade plutonium for possible use in nuclear 

weapons. 
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2.1 Dhruva Reactor 

The 100 megawatt-thermal (MWth) Dhruva reactor went critical in August 1985 and continues 

operating today.  Soon after starting operation, the reactor experienced severe vibrations in the 

reactor core and was shut down for modifications.  In December 1986, it resumed operation at 

quarter power, or 25 MWth.  In January 1988, the vibration problem was solved and the reactor 

attained nominal powers.  Its operation since then has been consistent, albeit it has never operated 

consistently at its potential.  

 

Estimating the total energy output of the Dhruva reactor is complicated because India has typically 

released publicly information only about the availability factor of this reactor.  The availability 

factor is defined as the amount of time that a reactor is able to produce power over a certain period, 

regardless of its actual power, divided by the amount of the time in the period.  However, this term 

does not allow one to estimate plutonium production, since the capacity factor (total energy output 

of the reactor in this period) is not given.  The capacity factor is necessary because it allows the 

derivation of the total amount of energy produced by the reactor during a period of time divided by 

the amount of energy the plant would have produced at full power, e.g. 100 MWth for the Dhruva 

reactor.  The capacity factor for a period will always be less than the equivalent availability factor 

for the same period, where the difference depends on the actual utilization of the power plant.  

 

For the Dhruva reactor, official publications routinely list the annual or monthly availability factors 

as 70 or 80 percent.44  However, its capacity factors are much lower.  In the 68th Independence Day 

Address, 2014, the Director of  BARC said that Dhruva ñcontinued to operate at an enhanced power 

level of up to 80 MW, with availability factor of about 81% and highest ever capacity factor of 

about 53% (emphasis added).ò45  This rare admission indicates that annual capacity factors were 

much less than availability factors and in fact it is likely that they were significantly less than 53 

percent.  The calculation assumes that the capacity factor is a triangular distribution with an upper 

bound of 0.53, a lower bound of 0.3, and a peak of 0.4. 

 

Such an interpretation is supported by widely circulated statements by U.S. government experts in 

the late 1990s.  These knowledgeable experts from U.S. national laboratories stated in briefings that 

the Cirus and Dhruva reactors had by the late 1990s achieved a lifetime capacity factor of only 

about 40 percent.  

2.2 Cirus Reactor 

The 40 megawatt-thermal (MWth) Cirus reactor, supplied by Canada, first went critical in 1960.  It 

operated until 2010. 

 

The reactor experienced start-up issues that delayed the reactor reaching nominal powers until 1963.  

This reactor operated until 1997 when it shut down for major renovations because of aging 

problems.  India had considered building a new reactor to replace Cirus, but decided against that 

option for cost reasons.  After extensive modification, the reactor restarted in October 2003.  It 

achieved full power of 40 MWth in November 2004 with an average availability factor of about 70 

                                                           
44 See various Founderôs Day Addresses by the Directors of BARC. 
45 68th Independence Day Address by Director, BARC, 2014, http://www.barc.gov.in/presentations/20140815.pdf. 

http://www.barc.gov.in/presentations/20140815.pdf
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percent.  In December 2004, the reactor achieved its highest ever availability factor of 94.78% and a 

capacity factor of 90.82% for the month.46  

 

Despite reaching a capacity factor of 91 percent for one month in December 2004, the reactor is 

believed to have a lifetime capacity factor far below this value and its publicly provided availability 

factors, which remained relatively high.  For example: 

 

¶ Cirus operated generally at 20 MWth with the availability factor of 90.2%.47 However, 

reactor power was raised to higher levels as and when required. Because the power was half 

that of its maximum power of 40 MWth, the capacity factor was less than 50 percent. 

¶ Cirus had availability around 80 percent.48 

 

The lifetime capacity factor, however, is believed to be relatively low.  How much lower is hard to 

determine, particularly in the years following its refurbishment.  In this estimate, Cirusô lifetime 

capacity factor is assumed to be somewhere between 30 and 50 percent.   

 

After the Cirus reactor was refurbished in the early 2000s, Indian officials expected it to last for 

about 15 more years.  However, one accomplishment of the U.S./India nuclear cooperation 

agreement is that India agreed to shut down the Cirus reactor, despite its recent renovation.  Its early 

shutdown was part of an arrangement where India agreed to provide a clearer separation between its 

civil and military nuclear programs.  This reactor was provided by Canada under an agreement that 

it would be used for peaceful purposes.  The arrangement, however, did not ban the use of Cirusô 

plutonium in nuclear weapons.  Indiaôs signing of the agreement prevented the continued use of the 

Cirus reactor to make additional plutonium for nuclear weapons.  

 

The reactor was shut down for the last time on December 31, 2010 and its irradiated fuel removed 

for subsequent reprocessing and plutonium recovery.49  In the end, Cirus is estimated to have 

operated for a total of about 39-41 years.50 

2.3 PHWR Reactors 

Through 2014, India has put into operation a total of 16 unsafeguarded pressurized heavy water 

power reactors (PHWRs) (see section on civil plutonium).  Because it is unknown if all the initial 

fuel from the PHWRs were assigned to the military program, this contribution to the total military 

stock remains uncertain.  An upper bound is 80 kilograms of weapon-grade plutonium, but the 

actual amount could be less; here the minimum is taken as about 30 kilograms.   

 

India is believed to have drawn military plutonium from its PHWRs in two ways.  First, it 

reportedly recovers weapon-grade plutonium from the first irradiated fuel discharges from its 

                                                           
46 Srikumar Banerjee, Director of BARC, Founderôs Day Address, October 28, 2005, 

http://www.barc.gov.in/presentations/dirsp2005.html. 
47 Dr. Srikumar Banerjee, Director, BARC, 59th Republic Day of India, January 26, 2008, http://www.barc.gov.in/press/2008/01.html. 
48 Srikumar Banerjee, Director BARC, Founderôs Day Address 2009, October 30, 2009, 

http://www.barc.gov.in/presentations/fddir09.pdf. 
49 R.K. Sinha, Director, BARC, Founderôs Day Address, October 28, 2011, http://www.barc.gov.in/presentations/fddir11.pdf. 
50 The years of operation are roughly 1963-1997 and 2004-2010. 

http://www.barc.gov.in/presentations/dirsp2005.html
http://www.barc.gov.in/press/2008/01.html
http://www.barc.gov.in/presentations/fddir09.pdf
http://www.barc.gov.in/presentations/fddir11.pdf
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PHWRs and assigns this plutonium to the military program.51  Each reactor could discharge during 

start-up low burnup fuel containing about 5 kilograms of weapon-grade plutonium.52   

 

India has also used its PHWRs in a more dedicated manner to make plutonium for its military 

program.  As discussed above, at least one case of such production occurred in the late 1990s.  It is 

unknown if there were other campaigns at a later date.  A limiting factor is that its reprocessing 

plants able to separate plutonium from PHWR spent fuel have not worked well. Thus, a dedicated 

campaign may have produced only tens of kilograms of weapon-grade plutonium.  In this estimate, 

it is assumed that the surge in the late 1990s produced 20-40 kilograms of weapon-grade plutonium.  

There is no concrete information suggesting subsequent dedicated campaigns, but such campaigns 

could have occurred and represent an uncertainty in this overall plutonium estimate. 

2.4 Total Production of Plutonium, all sources 

Any estimate of Indiaôs weapon-grade plutonium inventory remains highly uncertain.  Complicating 

any estimate is the mixture of solid and ambiguous information regarding Indiaôs capabilities and 

actions.  As a result, an analytical approach is used that specifically aims to capture varying and 

conflicting information about key parameters affecting estimates of the size of Indiaôs plutonium 

stock.  Rather than deciding on a best estimate for a specific parameter, such as lifetime reactor 

operating capacity factor, a frequency distribution of possible parameter values is derived. 

 

Using Crystal Ball® software, distributions representing key parameters in a formula are sampled 

using a Monte Carlo approach to derive a distribution of results.  This method varies from an earlier 

approach used one of the authors, where central or best estimates were derived, and an uncertainty 

was attached by making a judgment about the overall data and information.53  Although judgments 

are still necessary in any uncertainty analysis, they can be applied in a more transparent manner 

with this software.  

 

The formula used to estimate the total amount of weapon-grade plutonium produced in the Cirus or 

Dhruva reactors is straightforward: 

 

Total Plutonium (kgs) = P (Reactor Power) x C (Capacity Factor) x D (Days in Operation)  

x PF (Plutonium Conversion Factor) x 0.001 

 

where the plutonium conversion factor (PF) serves to convert the amount of energy produced by the 

reactor into the amount of weapon-grade plutonium in the discharged fuel, in units of grams of 

weapon-grade plutonium per energy produced g/MWth-d.  For the production of weapon-grade 

plutonium, values of 0,8-0.9 g/MWth-d are used for the Cirus and Dhruva reactors, reflecting 

uncertainties in the design and operation of these reactors. 

 

                                                           
51 Mark Hibbs, ñIndian PHWR Safeguards Offer Not Impressive, NPT States Say,ò Platts Nucleonics Week, April 17, 2003; see also 

Plutonium and Highly Enriched Uranium 1996, op. cit., p. 266-7. 
52 Plutonium and Highly Enriched Uranium 1996, op. cit., p. 267. 
53 See for example Plutonium and Highly Enriched Uranium 1996, (op. cit.).  
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A more rigorous plutonium production calculation could result in a more accurate estimate, 

particularly of the plutonium conversion factor.  However, India does not make publicly available 

detailed technical information about these reactors and their operation.  

 

In addition to the weapon-grade plutonium produced in the Cirus and Dhruva reactors, the 

calculation also includes estimates of weapon-grade plutonium produced in Indiaôs power reactors.  

Figure 1 shows the estimate of total weapon-grade plutonium production from all sources.  The 

median is about 660 kilograms.  The full range is 485 to 850 kilograms. 

 

 

Figure 1. Total Plutonium Production, all sources 

2.5 Draw Downs 

Some of Cirusô and Dhruvaôs plutonium has been used in nuclear tests, lost in processing, or 

assigned to civil fuel.  These quantities must be subtracted to derive the net weapon-grade 

plutonium stock.  The civil reactors utilizing plutonium from the Cirus or Dhruva reactors include 

the Fast Breeder Test reactor (FBTR), the Purnima reactor, and possibly some of the plutonium 

used in power reactor fuel.  Nuclear testing in 1974 and 1998 also used a portion of this plutonium. 

As above, many of these drawdowns had to be estimated and are approximated by ranges in the 

Crystal Ball® calculation.  

 

¶ The FBTR is estimated to have used 30-50 kilograms of plutonium produced in the Cirus 

reactor; 

¶ The Purnima reactor used about 19 kilograms; the material was recovered but it is assumed 

that it was not used in nuclear weapons. Additional plutonium, up to ten kilograms from the 

Cirus reactor, could have been assigned to MOX fuel for LWRs; 

¶ Nuclear testing in 1974 consumed somewhere between five and seven kilograms; 

¶ Nuclear testing in 1998 consumed between 20 and 30 kilograms of plutonium; and 

¶ Process losses during reprocessing are assumed to be two to four percent of total plutonium 

produced. 
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The total estimated amount of drawdowns has a median of about 110 kilograms and lower and 

upper bounds of 87 and 131 kilograms, respectively (see figure 2).  

 

 
 

Figure 2: Plutonium Drawdowns. 

2.6 Net Plutonium Inventory, End of 2014  

The net military inventory is calculated with Crystal Ball® software by evaluating the total amount 

of military plutonium produced minus the amount of plutonium used in nuclear testing, lost during 

processing, and assigned to civil uses. At the end of 2014, the median value of the estimate of this 

net inventory is about 550 kilograms of plutonium, and the lower and upper bounds are 375 and 750 

kilograms, respectively.  

 

 

 
 

Figure 3: Net Plutonium Inventory, end of 2014. 
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2.7 Estimated Number of Nuclear Weapons, End of 2014 

India has extensive expertise about making nuclear weapons from plutonium, including knowledge 

and experience gained in its 1974 and 1998 underground nuclear tests.  Indiaôs weapons likely use 

weapon-grade plutonium, and it is believed to have multiple fission weapon designs suitable for 

different types of delivery systems.  

 

In this study, an Indian plutonium-based weapon is assumed to contain between three and five 

kilograms of weapon-grade plutonium.  Although five kilograms are rather large, this figure is 

viewed as an upper bound.  A weapon could use this amount of plutonium in order to increase its 

explosive yield or permit further miniaturization.  Similarly, three kilograms may be low but should 

be within Indiaôs capabilities.  With little information about modern Indian nuclear weapons, all 

values in the range are viewed as equally likely.   

 

The resulting calculation using Crystal BallÊ software results in a skewed distribution with a 

median of about 138 nuclear weapons equivalent.  The distributionôs standard deviation is about 25 

weapons equivalent and the full range is about 80 to 230 weapons equivalent, where the upper 

bound reflects the skewness of the distribution.  Over 80 percent of the values are in the range of 

110-175, which is the range used for this estimate.   

 

The actual number of nuclear weapons India built from its stocks of weapon-grade plutonium is 

unknown.  With requirements for plutonium in the weapons production pipelines and in reserves, it 

is reasonable to assume that only about 70 percent of the estimated stock of weapon-grade uranium 

is in nuclear weapons.  Thus, the predicted number of weapons made from its weapon-grade 

plutonium at the end of 2014 is about 97 with a range of 77-123.  These values are rounded to 100 

nuclear weapons with a range of 75-125 nuclear weapons. 

 

 

 
 

Figure 4: Number of Nuclear Weapons Equivalents. 
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3. Indiaôs Highly Enriched Uranium Stockpile 

Great secrecy surrounds Indiaôs gas centrifuge enrichment program, the countryôs source for highly 

enriched uranium (HEU).  The program started in the 1970s, but progressed slowly compared to 

Pakistanôs centrifuge program, which rapidly expanded in the 1980s and 1990s. However, after 

many years, India has developed the capability to build and operate centrifuge plants.  During the 

last decade, it has expanded its gas centrifuge program and its ability to make highly enriched 

uranium for its military nuclear programs. 

Although the history and current status of Indiaôs gas centrifuge program is secret, an assessment of 

this program, and in particular an estimate of its production of HEU, is possible through open 

source information, procurement data, statements made by Indian officials, and satellite imagery.  

The Indian government designated its gas centrifuge enrichment facilities as military sites under the 

framework of a U.S./India nuclear cooperation agreement.  India uses highly enriched uranium from 

these plants in submarine reactor fuel and likely nuclear weapons.   

Although the centrifuge program has developed with the support of domestic suppliers, it has 

depended extensively on foreign suppliers for several key items.  The extent of its dependence on 

foreign supplies is not known well enough to know if export controls and sanctions have delayed 

Indiaôs centrifuge program.  There are also no indications that the Indian centrifuge program has 

stopped illicitly procuring some goods from abroad. 

3.1 Early Centrifuge Program 

Indiaôs first centrifuge facility was at the Bhabha Atomic Research Center (BARC) at Mumbai.  By 

1986, this facility was reported to contain about 100 centrifuges operating in a cascade and to have 

enriched uranium up to about two percent uranium 235.54  Centrifuge research and development 

activities have continued at BARC. 

The Indian centrifuge and likely associated cascade designs appear based on European, or 

URENCO, centrifuge designs.  Design information about these centrifuges was available both 

publicly and from some of the employees of Indiaôs Western suppliers who had access to this 

information as a result of contacts with URENCO subcontractors and their dealings with the 

Pakistani nuclear black market ring led by A.Q. Khan and his colleagues.55  Although surprising 

that URENCO subcontractors would sell to bitter rivals India and Pakistan, the reality was that 

these suppliers prioritized profit and were well known as sellers of reliable high-tech equipment 

sought by a variety of customers, particularly centrifuge programs.  However, India did not appear 

to obtain a complete centrifuge design as had Pakistan and Iran in the 1970s and 1980s.  The latter 

period is when these suppliers were selling a range of goods to Indiaôs centrifuge program.   

In an interview with one of the authors in March 1992, P. K. Iyengar, then Chairman of the Atomic 

Energy Commission (AEC), stated that the early centrifuges did not have bellows, implying that he 

was aware of the European designs that are known to rely on bellows.  The bellows is a sensitive 

                                                           
54  Ivan Fera and Kannan Srinivasan, ñKeeping the Nuclear Option Open, What it Really Means,ò Economic and Political Weekly, 

vol. 21, no. 49, December 6, 1986. 
55David Albright and Susan Basu, Indiaôs Gas Centrifuge Enrichment Program: Growing Capacity for Military Purposes, Institute 

for Science and International Security, January 18, 2007; and Albright, Peddling Peril (New York: Free Press, 2010). 
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item used in longer centrifuge rotors to allow the centrifuge to pass through certain critical resonant 

frequencies safely as the rotor speeds up to its operational speed.  In general, the longer the rotor, 

the greater is its enrichment output, so programs are motivated to find ways to overcome these 

resonances and the bellows is the solution developed by URENCO to allow longer centrifuges.  In 

contrast, the U.S. and former South African centrifuge programs handled the resonance problem 

differently and did not require bellows.  For the type of centrifuges that use bellows in order to 

reach longer rotor lengths, the ones with bellows are considered more advanced than those that do 

not have any. 

The rotor materials also matter, since stronger, lighter materials allow for faster rotor speeds and 

thus higher enrichment outputs.  Early in the program, namely during the 1970s and early 1980s, 

Indiaôs rotors were likely made from high-strength aluminum rather than maraging steel. Without 

bellows, the enrichment output of an aluminum-rotor centrifuge was likely in the range of 0.5-1.0 

kg U swu/year.  These centrifuges should probably be viewed as Indiaôs first generation centrifuges. 

3.2 Rare Materials Plant (RMP) 

In 1982, the Indian Department of Atomic Energy decided to ñconstruct a classified technology 

demonstration project,ò the Rare Materials Project (RMP) near Mysore as a unit of the Bhabha 

Atomic Research Center (BARC) for the purpose of enriching uranium.56  The main uses of the 

enriched uranium have been to fuel nuclear powered submarines.  Because India is widely believed 

to have worked on thermonuclear weapons since the 1980s or 1990s and such weapons typically 

require highly enriched uranium, the RMP is also suspected to have produced HEU for nuclear 

weapons.57  In addition, the RMP may have provided or will provide enriched uranium for use in 

civil research reactors. However, little, if any, HEU has been produced for civil research reactors as 

of the end of 2014.   

Although the status of this project has been secret, ISIS used publicly available procurement data in 

the mid-2000s to find the location of the Mysore plant58 and high resolution commercial satellite 

imagery has allowed on-going monitoring of the developments at this site (see below).    

The original Department of Atomic Energy (DAE) goal was reportedly to have about 5,000 

operating centrifuges at the RMP.59  This number, however, was likely a long term goal and should 

be viewed as the number intended for installation in the initial centrifuge building at the RMP, not 

the number installed initially. 

Despite the purchase of a large amount of equipment from abroad, India encountered serious 

technical difficulties in building and deploying centrifuges.  Up until the 2000s, the plant 

experienced frequent breakdowns and many centrifuges are believed to have failed.60 

                                                           
56 Statement of objections filed by the Respondent Nos. 10 (Bhabha Atomic Research Centre) and 12 (Defense Research and 

Development Organization, Before the National Green Tribunal (SZ) Chennai, Appl. No. 6 2013. 
57 See for example, Albright and Tom Zamora (Collina), ñIndia, Pakistanôs Nuclear Weapons: All the Pieces in Place,ò Bulletin of the 

Atomic Scientists, June 1989, pp 20-26. 
58 Indiaôs Gas Centrifuge Enrichment Program: Growing Capacity for Military Purposes, op. cit.  See in particular footnote 57.  
59 ñKeeping the Nuclear Option Open,ò op. cit.  This source states that the RMP will be scaled up fifty times from the pilot plant at 

BARC. 
60Plutonium and Highly Enriched Uranium 1996, op. cit., pp. 269-271; and Indiaôs Gas Centrifuge Enrichment Program: Growing 

Capacity for Military Purposes, op. cit. 
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RMPôs history up to the mid-2000s is traced in an ISIS technical report and is not repeated here.61  

At the end of this period, based on centrifuge drawings in RMP tender documents, Indiaôs 

centrifuges were achieving single machine enrichment outputs estimated to be about 5-7 swu/year.62  

This assessment of their single machine enrichment output was conducted by two groups of 

centrifuge experts who evaluated the design drawings of rotors and bellows in these tender 

documents.  They also pointed out that the designs were not exact URENCO centrifuge designs and 

in fact had some design weaknesses which would have interfered in their reliability and operation.  

Nonetheless, a rough estimate of RMP total theoretical enrichment capacity in 2005 was earlier 

estimated by one of the authors as about 4,000-15,000 swu/year.63   

Over the last decade, the centrifuge project has further matured and allegedly proved itself at the 

demonstration scale.  This was demonstrated by several actions to substantially increase enrichment 

capacity. 

In 2006, India commissioned a new cascade hall, presumably in the original building at RMP.  

According to the Director of BARC, ñSuccessful installation and commissioning of the new cascade 

hall of high speed machines has augmented production capacity of enriched uranium.ò64   

This new cascade hall may have been outfitted with centrifuges ordered in 2005 and early 2006 of 

the same type ordered in the tender documents mentioned above.65  The total order involved about 

3,000-4,000 centrifuges of two related types, where the two types had outputs of about 5 and 7 

swu/year.66 With the installation of the newer centrifuges, a process that likely took at least a few 

years, the RMPôs capacity would have significantly increased.   

By about 2010, it is likely that many of these newer centrifuges would have been installed in the 

RMP and many older models retired.  In total, RMPôs theoretical enrichment capacity in 2010 is 

estimated to have been approximately 15,000-25,000 swu per year, assuming a mix of old and new 

machines.67  The actual achieved enrichment output with the centrifuges operating in cascades 

would likely have been less due to inefficiencies encountered in large-scale operation.   

To put this enrichment capacity in context, if all of it were used to make weapon-grade uranium, 

this capacity is enough to make about 60-100 kilograms of WGU per year.68  Another method to 

understand this capacity is to consider the amount of enriched uranium needed for a naval reactor 

core.  As derived below, this capacity would be sufficient to make about one or two cores per 

year.69  However, it should be emphasized that the actual enrichment output may have been far 

smaller. 

                                                           
61 Indiaôs Gas Centrifuge Enrichment Program: Growing Capacity for Military Purposes, op cit. 
62 Ibid. 
63 Ibid. 
64 Dr. Srikumar Banerjee, Director, BARC, Founderôs Day Address 2006, October 30, 2006.  

http://www.barc.gov.in/presentations/fddir06.html  
65 Indiaôs Gas Centrifuge Enrichment Program: Growing Capacity for Military Purposes, op cit. 
66 Indiaôs Gas Centrifuge Enrichment Program: Growing Capacity for Military Purposes, op. cit. 
67 Ibid. 
68 The production of 25 kilograms of weapon-grade uranium is taken as requiring roughly 6,000 swus, where the weapon-grade 

uranium is produced in ideal cascades arranged into four steps, going successively from natural to weapon-grade.  This contrasts with 

the production of weapon-grade uranium in one long ideal cascade, which would have required fewer swuôs but is unrealistic.  

Moreover, inefficiencies in the four step arrangement, including enrichment stoppages, and centrifuge breakage, would increase the 

required swu, in some cases significantly.  Thus, the actual annual production of weapon-grade uranium could be less. 
69The median estimate derived below is about 11,000 swu, and includes factors of centrifuge inefficiency, so this value should be 

divided into the 15,000-25,000 swu per year.   

http://www.barc.gov.in/presentations/fddir06.html
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3.3 New Centrifuge Plant at RMP 

In 2010, India started building what appears to be a second larger centrifuge plant at the RMP site.  

However, it remains unclear if this new plant is supplementing or replacing the first one.  

In an October 5, 2011 ISIS Imagery Brief, ISIS highlighted a new building at the RMP under 

construction adjacent to what is believed to be the original gas centrifuge plant (see figure 5).  The 

new building under construction was assessed as likely to be a new gas centrifuge uranium 

enrichment plant.70  However, in 2011, the new centrifuge plant appeared far from completion.  

Imagery dated February 2012 showed that overall construction at Indiaôs RMP had greatly 

advanced.  It is apparent in the image that the facility is composed of two large rectangular 

structures that could both house centrifuge cascades.  In April 2013 high resolution commercial 

imagery shows that the building containing the suspected new enrichment facility appears 

externally to be nearly complete (see figure 6).  Three smaller buildings appear to be complete in 

recent imagery dated April 2014 (see figure 7).  However, whether the plant is operational cannot 

be determined from the image.  

Although the similarity between the first and second enrichment buildings is obvious, the new 

suspected centrifuge plant is larger.   The perimeter of this plant is approximately 200 meters by 

150 meters,71 almost double the size of the original enrichment plant.  If this new facility is indeed a 

new centrifuge plant, it is plausible to assume that it will house a much greater number of 

centrifuges.  Consequently, India could have more than doubled its enrichment capacity, if the 

original building continues to function as an enrichment plant.  If not, the new building would still 

represent a net growth in Indiaôs enrichment capacity. 

Public information is insufficient to estimate the current enrichment capacity of the RMP, except in 

very general terms.  It could be similar to that of 2010 or more than double that value, assuming in 

the latter case that newer centrifuges are being installed that are more powerful than those being 

installed in 2010 (see next section).  Based on public information, however, India is likely trying to 

increase the enrichment output of the RMP and expand its capacity to produce both LEU and HEU.  

                                                           
70 Paul Brannan, Further Construction Progress at Possible New Military Uranium Enrichment Facility in India, ISIS Report, 

October 5, 2011. http://isis-online.org/isis-reports/detail/further-construction-progress-of-possible-new-military-uranium-enrichment-

f/7#images. 
71 Ibid. 

http://isis-online.org/isis-reports/detail/further-construction-progress-of-possible-new-military-uranium-enrichment-f/7#images
http://isis-online.org/isis-reports/detail/further-construction-progress-of-possible-new-military-uranium-enrichment-f/7#images
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Figure 5. Digital Globe imagery showing the status of Indiaôs Rare Materials Plant in February 2011. 

 

Figure 6. Astrium imagery showing the status of Indiaôs Rare Materials Plant in April 2013. 
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Figure 7. Google Earth imagery showing the status of Indiaôs Rare Materials Plant in April 2014. 

3.4 Centrifuge Generations and Current Capacity 

Uncertainty surrounds the capacity of the centrifuges being currently operated or installed at the 

RMP.  Centrifuge capacities are better known from earlier periods.  Combining this information 

with rare public comments about centrifuge outputs by Indian officials provides some insight into 

more recent centrifuge enrichment capacities.   

In 2008, the head of BARC revealed information about the relative outputs of Indian centrifuges.  

According to the Director of BARC:72 

ñThe latest fourth generation design, with output 10 times the early design, has been 

successfully developed and an experimental cascade is in operation at BARC. These would 

soon be ready for induction at RMP. Third generation design, with 5 times output of early 

designs, are presently being inducted at RMP.ò 

The official did not identify characteristics of the early or third generation centrifuges.  His 

comments about the ñlatest fourth generation designò implies that each generation would have 

several variants.  In interpreting this information, the third generation centrifuge, which the official 

said was then being installed at RMP, is taken as similar in capacity to the ones ordered in 2005 and 

2006 and subsequently installed, as discussed above.  These centrifuges had estimated single 

machine outputs of 5-7 swu per year.  That would imply that the ñearly designò had an estimated 

output of 1.0-1.4 swu per year, making the fourth generationôs output 10-14 swu per year.  Looking 

at the comparison in another way, the early centrifuge design is assumed to be the one operating in 

                                                           
72 Srikumar Banerjee, Director BARC, Founderôs Day Address 2008, http://www.barc.gov.in/presentations/fddir08.html. 

http://www.barc.gov.in/presentations/fddir08.html





















