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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 andssociated 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 producettar pogver

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 transparentalbut i ts fi ssile material stocks. Thi
sepaated plutonium and highly enriched uranium. The results are summarized below:

I ndiHEWahnd Plutonium Stocks, end2014

HEU
Naval Reactors
Cores HEU (kg) Range
4-5 containing HEU 440-880 180-1,800
Thermonuclear Weapons
Material WGU (kg) Range
Weaponrgrade Uranium 150 100200
(WGU)
Research Reactors
Apsara HEU 5kg
TOTAL 440990 280-1,900
Plutonium
Military Plutonium (separated)
Weapongrade Median Value (kg) Range
550 kg 375750
Civil Plutonium in spent fuel
Reactor and fuelgrade 31,900kg
Civil Separated Plutonium
Fuel or reactorgrade 2,900 kg
Table 1 I ndiadés Fissile Material Stocks as of

India has asubstantial stock of nuclear weapons made from wegpamte plutonium, and perhaps
some thermonuclear weapons that rely on both wegpahe plutonium and weapamnace

uranium. An estimate of n d nuazléasarsenal can be deriveddmysidering its weapegrade
plutonium stockTheresultingestimate has a median 138 nuclear weapons equivalevith a

range of 110 to 17&egons equivalentHowever, he actual number of nuclear weapons India
built from its stocks of weapegrade plitoniummust be lessWhen accounting for the amount of
plutonium in the weapons production pipesiad in reserves, it is reasonable to assume that only
about 70 percent of the estimated stock of weapade uranium is in nuclear weapons. Thus, the
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predicted number of weapons made from its weagrage plutonium at the end of 2014 is about 97
with a range of 7-123. These values are rounded to 100 nuclear weapons with a rangk2&f 75
nuclear weapons.

1. |l ndi ads Ci vil Pl utoni um

India doeshot declare its civil inventories of plutonium to the IAEA or to the public. Therefore,

this report focuses on estimating them using a
infrastructure, and specifically its plutonium separation and use actividiesever, these estimates

remain uncertain because of the shortage of information due to the Indian govérsewety

about many of its nuclear activities related to plutonium separation.

1.1 Civil Plutonium Production

Most of | ndi a6 sactorp &e natural wraniar fugted veavy watederated
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
producesufficient amounts of plutonium free from international constraints to fuel fast breeder
reactors.

At the end of 2014the Nuclear Power Corporation of India Ltd. (NPCIL) opeat2t@ nuclear

power reactors with an installed capacitypgd80MWe. Among these reactors, the 1,000 MWe
KudankulamNuclear Power Projedt (KKNPP-1) became operational on December 31, 2014. Its

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

pressurized heavy water react(fP$1\WRs) atKakrapar, Gujarat and Rawatbhata, Rajasthare

under constructicADur i ng the year 2014, Il ndi ads power r ¢
factorsof about & percent® During theyear2014 the availability factor for all the reactors in

operatiorwas 89%"

During operation, all of the power reactors produce plutoniuthe fuel As of the end of 201
Indian power reactors had discharged about 34.8 tonnes of plutongpant or irradiated fuelAs
will be shown below, several tonnekthis 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,-2015, p. 43,

http://dae.nic.in/writereaddata/areport/ari415.pdf

SNuclearPowe Cor poration of India Limited, iPl ants Under Operation
http://www.npcil.nic.in/main/AllProjectOperationDisplay.aspx

4 DAE Annual Report, 2012015, op.cit.
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Reactor Type Capacity (MWe)  Commercial Current Status
Operation (year)

Tarapur Atomic Power Station (TAPS), Tarapur, Maharshtra®

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, Rajasthah

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 June2016 Under Construction
8 PHWR 700 Decembe016 Under Construction

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

1 PHWR 220 1983 Operational
2 PHWR 220 1985 Operational
Narora Atomic Power Station (NAPS), Narora, Bulandshahar, Uttar Pradesh

1 PHWR 220 1989 Operational

2 PHWR 220 1992 Operational
Kakrapar Atomic Power Project (KAPP) Kakrapar, Surat, Gujarat °

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 Nadu°

1 VVER-PWR 1000 2013 Operational

2 VVER-PWR 1000 December 2015 Under Construction
(3841 Expansion of Units 1&2 Planned

Jaitapur Nuclear Power Project, Maharashtra

(1&2)* EPWR 1650 Plannedin
technical
cooperation with
France)

PFBR in FBR 500 Under Construction

Madras

Gorakhpur Anu Vidyut

(1&2)*® 700 Planned

Table21 ndi ads power reactors
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1.2 Plutonium Separation

India has ambitious plans to separate plutoniupraduce MOX fuel for usen fast breeder reactor
reactors (FBRs). At present, India has two reprocessing centers in operation at Tarapur and
Kalpakkamdedicated to separating plutonium for reuse in civilian reactors. These plants are based
on PUREX technology The one at Kalpakkam has also been used to separate plutonium for
military purposes.

India first developed the capability to separate plutonin 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 Dhva reactors. It has a nominal capacity ofg®0tons of spent fuel per
yearl®

The Power Reactor Fuel Reprocessing (PREFRE) facility, located at Tarapur, near Bombay, began
operation in 1979. Al t hough des i griestprodesseds epar

STarapurvas | ndi ads first nuclear power station built as a result
Up to 1974, the United States supplied the fuel for this facility, but then withdrew support after India conductedutddast

weapons test. Fuel was subsequently provided by France, China, and Russia under IAEA sadfeglead$ower Corporation of

India Limited, Tarapur Atomic Power Station (TAP8&}tp://www.npcil.nic.in/main/ProjectOperationDisplay.aspx?Reactor|ID=73

6 RAPS was constructed in 1973 with Canadian assistance. However, Canada withdrew its adtisttined 374 nuclear test.
Construction of Units B 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?Reactor|D=87

”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 inviblgispillage of large amounts of radioactive heavy water,
resulting in considerable radiation exposure to seven technicians. Nuclear Threat Inifiatives Atomic Power Station (MAPS),

2013, http://www.nti.org/facilities/74{ Rajasthan Atomic Power Station (RAPE)14,

http://www.npcil.nic.in/main/RAPS _Operating_Experience.aspx

8 NAPS has suffered several technical issuesidiol a large fire that ignited after a malfunction in tinitJnit-2 was completely

shut down for a month after an-#arcking inner door malfunctioned in 1999. On January 9, 2013 NAPS experienced another minor
fire. The PHWR reactors at NAPS, RAPS, KARBd Kaiga have an added safety feature consisting of a ddaoivied containment
structure. The double dome feature was designed after the Kaiga 1 reactor experienced a partial collapse of its inniegdome du
construction in 1994. NAPS is not under IABAfeguards. National Power Corporation of India Limitadident in Turbine Hall of
Narora Atomic Power Station Urlt, 2013 ,http://www.npcil.nic.in/pdf/Operating_Experience_narora.pdf

91n 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 reviewK8kmapar Atonic Power Project
http://www.npcil.nic.in/main/ConstructionDetail.aspx?ReactorID=91.

10The 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 coopemtiAlthough the plants were scheduled for 2007 and 2008, local protests and agitation
affected the work between October 2011 and March 2012-1Umés synchronized to the grid in October 2013 and started

commercial operation December 2014. tRiis exgcted to commence operation in December 2015K8dankulam Atomic

Power Projecthttp://www.npcil.nic.in/main/ConstructionDetail.aspx?ReactorID=77

11 The Kudankulam Unit 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 ItdientDepar

of Atomic Energy, Annal Reports, 2012014, http://www.dae.nic.in/writereaddata/ar2014_v2.pdf

121n October 2009 the Government of India accordegrinciple approval to locate six 1650 MW Evolutionary Preiggdr Water

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

Jaitapur State, environmental and costal clearances were obtainpdojBct activities are in progress. Governmentalid,

Department of Atomic Energy, Annual Report, 2015, http://dae.nic.in/writereaddata/areport/ar1415.pdf

13The Gorakhpur Anu Vidyut Parlyojana Harayana (GHAVP) aims to buildt8,ueach 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. Gouediament of
Department of Atomic Energy, Annual Reports, 203 4.http://www.dae.nic.in/writereaddata/ar2014_v2.pdf

YAl ndi an Programme on Reprocessing, 0 BARC Highlights,
http://www.barc.gov.in/publications/eb/golden/nfc/toc/Chapter%206/6.pdf
15 |bid.
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Ci r us 6 s sTheenominalfanneal capacity of this facility is usually listed as1®Dtons of
CANDU spent fuel per year, although it rarely ever achieved such capacities.

In 2010, a second plant, PREFREwas commissioned, ptacing the first PREFRE facility, now

called PREFRH. In 2012 and 2013 PREFREvas carrying out aged plutonium purification work
which typically means removing americit@41 from previously separated plutonium. The
americium is a decay product of glntum-241 and builds up over time in the separated plutonium,
increasing the radioactive doses to those who process this older plutonium. RRBERRE

apparently worked better than PREFR&Nd is achieving high availability factors, which refers to
theamount 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 duriryZiB3 the plant

operated with outstanding performance in terms of productiop@ugss parametetéThere are

similar reports in 2014.

|l ndi ads Kal pakkam Reprocessing Plant (KARP), ¢
PHWR fuel and has an annual nominal capacity of 100 tons a&%éagxperienced low irradiated

fuel thraughputs 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 increasapheity of PHWR fuel

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

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

Kalpakkam (see next section). Necessaryisftastructure has already been credfed.

1.2.1 I ndiabs Fast Breeder Reactor s

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. Nonethelessserved to
test breeder reactor fuel and components.

Il ndiads first 500 MW Prototype Fast Breeder Re
Tamil Nadu, was scheduled to start operation in 2818owever, this date was later revised. The

newdate of criticality was first moved to September 2014 with commercial operation envisaged by
March 2015! However, in August 2014, the starp date was further postponed, reporteuyl

into 201522 As of the date of this report, it has not yet starfEde 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-848@.4: Annual Report 19831, p.26; Annual Report
198384, pp. 631; and BARC, Annual Report 1985 BARC: Bombay, 1986).

17 Government of India, Department of Atomic Energy, Annual Report,-2013, p. 63,
http://dae.nic.in/writereaddata/areport/ari213_big.pdf

Bl ndi an Pr oRjgmrmonee ©si ngd (op. cit.).

19 Statement by Dr. Ratan Kumar Sinha, International Atomic Energy Agentyé&Teral Conference, September 18, 2013,
http://dae.nic.in/writereaddata/gc2013_spuf.

20This 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 stBreederal hund
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 React@ate unavailable). Bhabha Atomic Research Centre, Government of India
Depatment of Atomic Energyhttp://www.barc.gov.in/about/anushakti_fbr.html

21 Shri V. Narayanasamy, Availability of Plutonium for the FBR, Government of India, Department of Atomic Energys&ajga
Unstarred Question No. 468, August 8, 20t8)://dae.nic.in/writereaddata/parl/mansoon2013/rsus468.pdf

2AStap tof | ndi ad NuclkdF BnBinedriaghtaryatoda) August 11, 2014,
http://www.neimagazine.com/news/newsstastof-indiaspfbr-delayed4340186.
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equipment. Making enough plutonium fuel for the reactor has been challenging because of
shortages of separated plutonium dueroblems in the plutonium separation pladt€ertainly,
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 40 MWth October 18, 1985 Operational
(FBTR)

Prototype Fast Breeder Reactor 500MWe Expected 2012016 Close to Startup
(PFBR)

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

|l ndi ads Atomic Energy Commission intends to fo
whose construction is slated for 2017, although this date could be postponed. Ultimately, the

official plan calls for three additional breeder reactoy2020 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 oépi®cessing plants and breeder program.

|l ndi ads civil reprocessing plants have not wor
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. oxidevgers or nitrate solutions, or in MOX fuel,

whether for fast or thermal reactors.

There have been many earlier attempts to deriyv
plutonium inventory, including by one of the authors of this reffofthese stimates have

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

pl ant s. But without any public data on these t
estimates are highly uncertain and unverifiable.

An alternative methodology to derive an esti ma
plutonium is to consider the production of MOX
India has had a shortage of MOX fuel, almost il 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

ZJaideepa A. Prabhu, iAiwhao Cent mei Ridgh tP hipl/akimrarightid/ZDb3@awhgat 22, 20
is-indiasplutoniumstory/#.UzsFS6hdU48

24 David Albright, Frans Berkhout, and Wim Walker,Plutonium and Highly Enriched Uranium 1996 World Inventories,

Capabilities and Policie§Oxford: Oxford University Press and Stockholm International Peace Research Institute, 1996).

ISIS REPORT 7|Page


http://centreright.in/2013/01/what-is-indias-plutonium-story/#.UzsFS6hdU48
http://centreright.in/2013/01/what-is-indias-plutonium-story/#.UzsFS6hdU48

addition, it sidesteps the reeto 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 TAP8actors, 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 AHW& dely

been irradiated in the reactors, alleviating the need for precise knowledge about these amounts when
determining a current inventory of unirradiated plutonfdnin any case, the amount of plutonium
assigned to the MOX program for TAPS is relalwsmall, likely no more than about 50

kilograms?® 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 separnaligdnium 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 abou3P0kilograms of plutonium. Its first

core containe 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 PREFREplar?005, the FBTR was
evidently still using its first core, the Matkcore. According to thet@irman of the Atomic

Energy Commission, as of 2005, the second core, or-Rladke, was still awaiting separated
plutonium from the KARPs plant, which had been shut down for renov&titme chairman said
that separation of pl &t @oirwoii at’gliteR fourdeftates t h e
that the Mark2 core would contain 85.6 kilograms of plutonium 239 and 124.4 kilograms of total
plutonium, values consistent with high bupnof spent fuet® The public information supports that
these two Mark cores received about-280 kilograms of separated plutonium.

25 For MOX use in LWRs, see H.S. Kamath, K. AnantharamanPandS . C. Purushot ham, AiMOX Fuel for
P r o g &ternadional Symposium on MOX Fuel Cycle Technologies for Medium and Long Term Deployment: Experience,

Advances, and Trengslay 1721, 1999. This report lists the irradiation level of eighthe ten fuel assemblies made for the TAPS
reactors. A | ater report, by K. C Sahoo and S. A. B h2803,d wa | , fiFu
Kalpakkam, states that ten MOX fuel assemblies had been irradiated in TAPS. Thefnebertaevelop MOX fuel for TAPS,

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

for | ow enriched uranium from abroad, Paogoradn ng tINotT.Va.l nRularbd
The Hindy 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 aOxidKRuBlsSorIndian bluzlead i ng t
Program, 0 | NSAC 2003, Kal pakkam. As of 2003, the amount of p
the 19 elements of a fuel bundle only seven elements contained plutonium and the plutoniummteidetthese 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 BAR®, und er 6 s Deoper 2802005.drslilaad plans many years

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

any case, this requirement is seen as relatively small compared to the need for plutonium for the RF®Rvarch less of a

priority. The latter argues that little plutonium was assigned to the TAPS reactors or PHWRs.

%R. Chidambaram and C. Ganguly, #API ut orCurtemhSciencevol. 7Thworl, um i n t he
January 10, 1996. ERdMOX fuel assembly contained 3.4 kilograms, see figure 8, p. 30. Thus, ten fuel assemblies would have a

mass of 34 kilograms.

2’Mar k Hi bbs, AiFirst Separation Line atNudearlFyeldkcenber1,999a.t ed t o Be
2Mark Hi bbs, ADAE Reprocessi ng Ruckea Fuel ApriR4 2083. ns Modest in Scope,
29 |bid.

30 International Atomic Energy Agency, Fast Reactor Database, 2006 Update;TTBEROG1531, December 2006, p, 32,
http://www-pub.iaea.org/MTCD/Publications/PDF/te 1531 weh.pdf

0
I
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The main requirement for separated plutonium has been the PFBR. In 2004, Anil Kakodkar,
Chairman of the AEC, said thatdia had plans to use the MOX fuel for breeder reactors, implying
that largescale MOX fuel use in the TAPS or PHWR reactors was not preférred.

With the PREFRE and KARP reprocessing plants not working well in the 1990s and 2000s, India
developed a pluttum shortage for the PFBR. That there was a shortage of separated plutonium
for this reactor can be witnessed by official statements:

f During the 2007 Founder 6s Day Address, the
of whi ch t hmostiisftameeat dbur comnutmdntaa sapply 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
speci fi*Haaldedst bat they fAhave been working
i mmedi ate requirement. 0

T I'n 2008, the Director of BARC stated, iAWith
able to accelerate the production rate of fast reactor fuel, which | consider the most

i mportant mandate of B®BRC in the i mmediate
T I'n 2009, the Director of BARC stated, fAToda
the mixed oxide fuel requiremend*s for the P

The vast bulk of any civil plutdum 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 site that the initial core of the PFBR would needZ.®tonnes of plutonium for its

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

of the coreds plutoni um c ontadenrange, mamelyit&3igh mi ss
tonnes®® 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 annudiliypperates relatively wefl’

31T . S. Subramani an, fiOur Nucl ear P dhve élindy Pacembear 3 2004. s No t Vul ner ab
32 Srikumar Banerjee, Director BARE,0 u n d e r ddeessRGOghttpAdww.barc.gov.in/presentations/fddir07.himl

33 Srikumar Banerjee, Director BARE,ounder 6 s D a hitpAavwdvibacsgsy.inZpfegedtations/fddir08.himl

34 Srikumar Banerjee, Director BARE,ounder 6 s D a yhitpAavwdvieecgey.indr@sefations/fddir09. pdf

A DAE Reprocessing Program Remains Modest in Scope, 0 op. cit.
Operations Next Year,o (op. cit.).

%A MOX Fuel for | ndi anintedatodaleSgmpsiumomMOX FirelrCycte Zeuhndlogiep. cit. Table IV

provides a linear mass density of each MOX fuel pin astf about

Breeder Reactor, o by I ndira Ga n2D03), staies that each futl pin has\a centrel sectidghefs e ar c h
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 asserfitdiesre 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 pligerium ox

the fuel. Considering only the mass of the uranium and plutonidutes 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 peor@atrplu

oxide and another amount is enriched to 28.4 percent plutonium dxidg 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, respectivelggd ise2a

tonnes of plutonium.

3’S. Govindaraj aBR FEelonOydlces, @fl FSAC 200 3, Kal pakkam.

ISIS REPORT 9|Page


http://www.barc.gov.in/presentations/fddir07.html
http://www.barc.gov.in/presentations/fddir08.html
http://www.barc.gov.in/presentations/fddir09.pdf

One estimate of the amount of civil irradiated plutonium put into PFBR fuel is based on an
assessment of public statements about progress

1 In 2007, manufacturing of MOX fuel pins for the PFBRrted at the Tarapur MOX
fabrication plant and 434 pins were magiEach 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 plutoniwase on assuming that the initial
core contains about 2 tonnes (2,000 kilograms) of plutonium.

f In 2009, the landmark of 1,000 PFBR fuel pins was achieved at the Tarapur MO plant.
1,000 fuel pins contained about 51 kilograms of plutonium.

1 After a fiveyear renovation, KARP went back-tine in 2008 and 2009. The rate of
separation of plutonium likely increased significantly afterw4?dBREFRE Il started
processing radioactive material in early 2011, contributing to greater plutonium separation.

1 In 2013, the Advanced Fuel Fabrication Facility at Tarapur was working continuously and
had fabricated 75 percent of the fuel neede
kilograms of unirradiated plutoniuf¥.

1 By early January 2014, 95 percent of frerjuired for PFBR criticality had been fabricated,
corresponding to 1,900 kilograms of unirradiated plutorfitim.

f By the end of the 2014, 100 percent of the fuel needed for criticality had beef®made.

Given that almost all separated plutonium has goneniatking PFBR fuel, and much of the rest is
already irradiated in reactor s, I ndi ads civil
taken as about 1.9 tonnes in FBTR fuel and another several hundred kilograms in unirradiated form

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

PREFREI, a stock of plutonium freshly separated at KARP and PREFRId miscellaneous

amounts. These additional stocks probably do not exceed several hundred kilograoms, |

|l ndi ads civil plutonium inventory at the end o
this plutonium will become irradiated once the PFBR starts, lowering the inventory of unirradiated
plutonium.

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

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

Il started, little plutonium was separated. From 2009 to sometime in 2013, about 1.5 tonnes were
fabricatel 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 PREF&t KARP pants. Thus, India is
separating far more plutonium today than it di
start of PREFRHI.

38 Srikumar Banerjee, Director BARE,ounder 6 s D a yhitpAavwdvibarcsgsy.inZptegeitations/fddir07.himl
39 Srikumar Banerjee, Director BARE,ounder 6 s D a yhttpAwvwdvibacsgsy.inZpegeBtations/fddir09.pdf

40 Srikumar Banerjee, Director BARE,ounder 6 s D a yhttpAwvwivibacsgsy.inZpegeBtations/fddir09.pdf

41 Sekhar Basu, Director BARE,ounder 6 s D a yhttpAavwdvibacsgsy.inpfedetations/fddirl3.pdf

42 65th Republiday Speech by Director, BARC, January 26 2Qtth://www.barc.gov.in/presentations/20140126. pdf

43 Sekhar Basu, Director BARG,ounder 6 s D a yOctdbdr 80, 2084%tp:/Byéndpdov.in/presentations/fddirl4.pdf
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These values can be used to estimate that India separated another 400 kilograms of plutonium in
2014 . T medimated stodki obséparated plutonium is about 2,900 kilogtatims 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 estimatehe tinradiated 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 . | ndi a 06 atoniMm Stockpiker v P I

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 nucleateped submarines. It has a sophisticated

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

Indian nuclear weapons use weajgvade plutonium. The bulk of this plutonium for nuclear
weapons has come from the Cirusl&hruva 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 eactors 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 sthodvn in 1974 for renovation and expansion and
restarted in 1983 or 1984. While the Trombay
processed at the nominally civil PREFRE reprocessing plant north of Mumbai that began operation
in 1979. Afterwardsthe 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

fi's ur g e ogradeepiumr@um production for its nuclear weapomgm@m. 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 fition. It may have subsequently produced additional wegpade

plutonium for nuclear weapons in its civil power reactors. In addition, during power reactor startup,
the first fuel discharges usually contain weagoade plutonium, which may have beengessed

for weapons use.

India may have also held a stock of reag@ade plutonium potentially for use in nuclear weapons.
Although generally India is not believed to use reagtade plutonium in nuclear weapons, Indian
nuclear expertsarereportedc have evaluated this plutoniumbs
may have decided to create a reserve stock of regde plutonium for gssible use in nuclear

weapons.
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2.1 Dhruva Reactor

The 100 megawathermal (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
qguarer 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 reastable to producpowerover 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 eactor in this period) is not given. The capacity factor is necessary because it allows the
derivation of the total amount ehergy produced by the reactor during a period of time divided by
the amount of energy the plant would have produced at full p@age 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 reactoofficial publications routinely list the annual or monthly availability factors

as 70 or 80 percefit. However, its capacity factors are much lower. In the 68th Independence Day
Address, 2014, the Director of aBaA éhRancedapovwkr t h a't
level of up to 80 MW, with availability factor of about 81% dnghest ever capacity factor of

about53%( e mp h a s i %8 This dack @adin)ssioa indicates that annual capacity factors were

much less than availability factors and acffit 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 supportedviagely 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 captmitgffany

about 40 percent.

2.2 Cirus Reactor

The 40 megawathermal (MWth) Cirus reactor, supplied by Canada, first went critical in 1960. It
operated until 2010.

The reactor experienced stap issues that delayed the reactor reaching nominal powers268il 1
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, thetoe restarted in October 2003. It
achieved full power of 40 MWth in November 2004 with an average availability factor of about 70

“SeevariouFfounder 6 s Doythe Directbrs ef BARE s
45 68th Independence Day Address by Director, BARQ4,http://www.barc.gov.in/presentations/20140815. pdf

ISIS REPORT 12|Page


http://www.barc.gov.in/presentations/20140815.pdf

percent. In December 2004, the reactor achieved its highest ever availability factor of 94.78% and a
capacity factor of 982% for the month®

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 relatiyehigh. For example:

f Cirus operated generally at 20 MWth with the availability factor of 9¢.2%awever,
reactor power was raised to higher levels as and when required. Because the power was half
that of its maximum powesf 40 MWth, the capacity factavas less than 50 percent.

{ Cirus had availability around 80 percéfi.

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 esti@ate, us 6 | i f et |
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.&.Aadiear 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 prgrams. This reactor was provided by Canada under an agreement that

it would be used for peaceful pur poses. The a
plutonium in nuclear weapons. | ndi a0 softeei gni ng
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 recdehy.the end, Cirus is estimatén have
operated for a total of about-34 years?

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 ifialtitie

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 wegiaale plutonium, but the

actual amount could be less; here the minimum is takab@g 30 kilograms.

India is believed to have drawn military plutonium from its PHWRs in two ways. First, it
reportedly recovers weapamuade plutonium from the first irradiated fuel discharges from its

46 Srikumar Banerjee, Director of BARE,ounder 6 s ,Detoper 2802005¢ s s
http://www.barc.gov.in/presentations/dirsp2005.html

47 Dr. Srikumar Banerjee, Director, BARG9™" Republic Day of IndiaJanuary 26, 200&ittp://www.barc.gov.in/press/2008/01.html
48 Srikumar Banerjee, Director BARGounder 6 s Da yOctébdr®0, 2089s 200 9,
http://www.barc.gov.in/presentations/fddir09.pdf

4“9 R.K. Sinha, Director, BARCGFounder 0s ,Deoper 280201, hetps//sww.barc.gov.in/presentations/fddirl1.pdf
50The years of operation are roughly 19887 and 200£2010.
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PHWRs and assigns this plutonium to the milifarggram>* Each reactor could discharge during
startup low burnup fuel containing about 5 kilograms of weagmade plutoniuni?

India has also used its PHWRs in a more dedicated manner to make plutonium for its military
program. As discussed abow¢east 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. Teds;ated
campaign may have produced only tens of kilograms of wegpaate plutonium. In this estimate,

it is assumed that the surge in the late 1990s producd@ Rilograms of weapoegrade plutonium.
There is no concrete information suggesting subbseigdedicated campaigns, but such campaigns
could have occurred and represent an uncertaintysroverall plutonium estimate.

2.4 Total Production of Plutonium, all sources

Any esti mat e -grade plutotiunaidventony eragns mghly uncertaComplicating

any estimate is the mixture of solid and ambig
actions. As a result, an analytical approach is used that specifically aims to capture varying and
conflicting information about key paratmee r s af fecting esti mates of t
stock. Rather than deand) 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 Balf 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 usedne ofthe authos, where central or besstimates were derived, and an uncertainty

was attached by making a judgment about the overall data and infordfatithough 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 wegpade 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 (Plutmium Conversion Faot) x 0.001

where the plutonium conversion factor (PF) serves to convert the amount of energy produced by the
reactor into the amount of weapgrade plutonium in the discharged fuel, in units of grams of
weapongrade plutonium per energy produced g/MWithFor the production of weapagmnade

plutonium, values 00,8-0.9 g/MWthd are used for the Cirus and Dhruva reactors, reflecting
uncertainties in the design and operation of these reactors.

IMar k Hi bbs, ilndi an PHWR Saf egu a rRlaits NDdlebnics Welkptil 17, 20@8rseesalsa v e , NP
Plutonium and Highly Enriched Uranium 1998p. cit., p. 2667.

52 plutonium and Highly Enriched Uranium 199&p. cit., p. 267.

53 See for exampl@lutonium and Highly Enriched Uranium 199@p. cit.).
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A more rigorous plutonium production calculation could relsu#t 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 weapegrade plutonium produced the Cirus and Dhruva reactors, the

calculation also includes estimates ofweagona de pl ut oni um produced i
Figure 1 shows the estimate of total weagoade plutonium production from all sources. The

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

Total Production Military Plutonium, all sources, through 2014
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kg
Figure 1. Total Plutonium Production, all sources

2.5 Draw Downs

SomeofCirud6 and Dhruvadés plutonium has been used
assigned to civil fuel. These quantities must be subtracted to derive the net\gesg®n

plutonium stock. The civil reactors utilizing plutonium from the Cirus or Dhruaetoes 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 benated and are approximated by ranges in the
Crystal Balf calculation.

1 The FBTR is estimated to have used580kilograms of plutonium produced in the Cirus
reactor;

1 The Purnima reactor used about 19 kilograms; the material was recovered but imsdassu

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 198 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.

= =4 A
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The total estimated amount of drawdowns has a median of about 110 kilograms and lower and
upperbounds of 87 and 131 kilograms, respectively (see figure 2).

Total Drawdowns
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Figure 2: Plutonium Drawdowns

2.6 Net Plutonium Inventory, End of 2014

The net military inventory is calculatedth Crystal Balf softwareby 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 bppeds are 375 and 750
kilograms, respectively.

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

India has extensivexpertiseabout making nuclear weapons from plutonium, including knowledge

and experience gained in its 1974 and 1998 wund
weapongrade plutonium, and is believed to have multipliession weapon desigrsiitablefor

different types of delivery systems.

In this study, a Indianplutoniumbased weapon is assumed to contain between three and five
kilograms ofweapongradeplutonium. Although five kilograms are rather large, this figure is

viewed as an upper bouné. weapon could use this amount of plutonium in order to increase its
explosive yield or permit further miniaturizatio®imilarly, three kilograms may be low but should

be within | ndnitaléleinfaraapoa éboumodern ladsamuclearweapons, all

values in the range are viewed as equally likely.

The resulting calculation using Crystal Bal | E
median of about38nucl ear weapons equivalent. abdui2® di st
weapons equivalent and the full range is about 80 ton22(pons equivalenivhere the upper
boundreflectsthe skewness of the distributio®ver 80 percent of the values are in the range of
110175, which is the range used for this estimate.

The actual number of nuclear weapdmdia built from its stocks ofveapongrade plutonium is
unknown. With requirements fptutoniumin the weapons production pipels@nd in reserves, it
is reasonable to assume that only about 70 percent of thetestist@ck of weapegrade uranium
is in nuclear weapons. Thus, the predicted number of weapons madésfregaporgrade
plutoniumat the end of 2014 is abo®if with a range of 7123. These values are rounded to 100
nuclear weapons with a range ot¥85 nuclear weapons.

Number of Nuclear Weapons, end 2014 (upper bound)
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Figure 4: Number of Nuclear Weapons Equivalents
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3. | ndi adébs Highly Enriched Ur

Great secrecy surrounds I ndiabs gas centrifuge
enriched uranium (HEU). The progratarted in the 1970s, but progressed slowly compared to
Pakistands centrifuge program, which rapidly e
many years, India has developed the capability to build and operate centrifuge plants. During the

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

uranium for its military nuclear programs.

Al t hough the history and current statwus of 1| nd
this program, and in pecular 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 reildarynder the
framework of a U.SIndia 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 dorsegpliers, 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

|l ndi ads centr i f ugenomdicatigns thahthe Indibrhcentritigepnogamadds
stopped illicitly procuring some goods from abroad.

3.1 Early Centrifuge Program

|l ndi ads first centrifuge facility was at the B
1986, this facility vas reported to contain about 100 centrifuges operating in a cascade and to have
enriched uranium up to about two percent uranium®235entrifuge research and development

activities have continued at BARC.

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

URENCO, centrifuge designs. Design information about these centrifuges was available both
publicly and from some of the employees of 1nd
information as a result of contaovith URENCO subcontractors and their dealings with the

Pakistani nuclear black market ring led by Akpan and his colleagués.Although surprising
thatURENCOsubcontractorsvould sell to bitter rivaldndia and Pakistarthe reality was that

these gppliersprioritized profit andvere well known as sellers of reliable hitgth 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 tren1i870s and 1980s. The latter
period is when these suppliers were selling a

In an interview with one of the authors in March 1992, P. K. lyerigan 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

“lvan Fera and Kannan Srinivasan, fi Ke e p iEcogomic &nd PolticatWeeklyr Opt i on
vol. 21, no. 49, December 6, 1986.
5David Albright and SusaBasu,l ndi aés Gas Centrifuge Enrichment Prlmstgueam: Grow

for Science and International Security, January 18, 2007; and AlbRigtitling Peril(New York: Free Press, 2010).
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item used in longer centrifugetors 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 waysd¢ome 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 tgpé 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 rotoramteds

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

|l ndi ads rotor s we-stength allknenunyratharattchre mafagirg steeh Withdut

bellows, the enrichment output of an aluminutor centritige was likely in the range of 6150

kg U swu/year. These centrifuges should proba

3.2 Rare Materials Plant (RMP)

I n 1982, the I ndian Department of Ahmologyc Energ
demonstration project,o the Rare Materials Pro
Atomic Research Center (BARC) for the purpose of enriching urarfiufine main uses of the

enriched uranium have been to fuel nuclear powered submaBeeause 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’ In addition, the RMP may ka 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 selS$, usedpublicly available procurement data in
the mid2000s to find the location of the Mysore pRiratnd high resolution commercial satellite
imagery has allowed egoing monitoring of the developments at this site (see below).

The original Department of Atomic Ener¢ AE) goal was reportedly to have about 5,000
operating centrifuges at the RM®P 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 numbeinstalled 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 centsfagebelieved to have fail€¥.

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

Development Organization, Before the National Green Tribunal (SZ) Chennai, Appl. No. 6 2013.

5%See for example, Albright and Tom Zawmasa @ACOI t hBulePokticesdi a, P
Atomic ScientistsJune 1989, pp 2P6.

%l ndi abs Gas Centrifuge Enrichment Prop.git Seain paBicutamfooimage 5Capaci t y
“AKeeping the Nuclod aThissoyce states thaDtheeRMP will be pcaled up fifty times from the pilot plant at

BARC.

60Plutonium and Highly Enriched Uranium 199fj. cit., pp. 26271;and ndi aés Gas Centri fuge Enri chme
Capacity for Military Purposesop. cit.
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RMPO&s hi st or-3000siptrated in &anHAS tauhinidal report and is not repeatedt here.

At the end of this period, based on centrifuge
centrifuges were achieving singleaohine enrichment outputs estimated to be abdus\wu/year?

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 enrichmenttgap&005 was earlier

estimated by one of the authors as about 41000 swu/yeat

Over the last decade, the centrifuge project has further matured and allegedly proved itself at the
demonstration scale. This was demonstrated by several actsuisstantially increase enrichment
capacity.

In 2006, India commissioned a new cascade hall, presumably in the original building at RMP.
According to the Director of BARC, fASuccessful
hall of highspeed mici nes has augmented production capaci

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®bble.total order involved abbu

3,0004,000 centrifuges of two related types, where the two types had outputs of about 5 and 7
swu/year®® With the installation of the newer centrifuges, a process that likely took at least a few
years, the RMPO6s capacitegd would have significa

By about 2010, it is likely that many of these newer centrifuges would have been installed in the
RMP and many ol der models retired. In total,
estimated to have been approximately 15;28M00 swu peyear, assuming a mix of old and new
machine®’ The actual achieved enrichment output with the centrifuges operating in cascades
would likely have been less due to inefficiencies encountered indaede operation.

To put this enrichment capacity @ontext, if all of it were used to make weaggnade uranium,

this capacity is enough to make about1®D kilograms of WGU per ye&®. 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®® However, it should be emphasized that the actual enrichment output may have been far
smaller.

8l ndi a6s Gas Centrifuge Enrichment Pyopgtram: Growing Capacity
62 hid.

63 |bid.

64 Dr. Srikumar Banerjee, Director, BARE,ounder 6 s Da yOctdbdr®d, 2066s 200 6
http://www.barc.gov.in/presentations/fddir06.html

5 ndi a6s Gas Centrifuge Enrichment Pyopgtram: Growing Capacity
%l ndi a6s Gas Centrif ugviagdpacity forMiitarywRurpd®ewp.git. a m: Gr o

57 1bid.

68 The production of 25 kilograms of weapgrade uranium is taken as requiring roughly 6,000 swus, where the wgiaaken

uranium is produced in ideal cascades arranged into four steps, going sulcéssiveatural to weapograde. This contrasts with

the production of weapegr ade wurani um in one | ong ideal cascade, which woul
Moreover, inefficiencies in the four step arrangement, including enrichitogtages, and centrifuge breakage, would increase the

required swu, in some cases significantly. Thus, the actual annual production of \gesg®aranium could be less.

69The median estimate derived below is about 11,000 swu, and includes factorsifofgeeintefficiency, so this value should be

divided into the 15,00@5,000 swu per year.
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3.3 New Centrifuge Plant at RMP

In 2010, India started buildinghat 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, 201BIS Imagery BrieflSIS highlighted a new building at the RMP under
corstruction adjacent to what is believed to be the originalcgatrifuge plant (see figurg.5The
new building under construction was assessed as likely to be a new gas centrifuge uranium
enrichment plant® However, in 2011, the new centrifuge plant appeared far from completion.

| magery dated February 2012 showed that over al
advanced. It is apparent in the image that the facility is composed of two large rectangula

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 tobe nearly complete (see figurg 6Three smaller buildgs appear to be complete in

recent imager dated April 2014 (see figure.7However, 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
sugected centrifuge plant is larger. The perimeter of this plant is approximately 200 meters by
150 meterg?! aimost double the size of the original enrichment plant. If this new facility is indeed a
new centrifuge plant, it is plausible to assume thatlithouse 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
representanetgrowthn | ndi ads enri chment 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 thaewer 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 ppotuddU and HEU.

70 paul Brannankurther Construction Progress at PossitNew Military Uranium Enrichment Facility in IndjdSIS Report,
October 5, 2011http://isisonline.org/isisreports/detail/furtheconstructiorprogressof-possiblenewmilitary-uraniunmienrichment

f[7#images
11bid.
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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 kndwom 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 abouteletive outputs of Indian centrifuges.
According to the Director of BARC?

AThe | atest fourth generation design, with
successfully developed and an experimental cascade is in operation at BARC. These would
soon fe ready for induction at RMP. Third generation design, with 5 times output of early
designs, are presently being inducted at RN

The official did not identify characteristics of the early or third generation centrifuges. His
comment s aboouwtr tthh eg efinleartaetsitonf desi gno i mplies t|
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 omed oxd@905 and

2006 and subsequently installed, as discussed above. These centrifuges had estimated single
machine outputsof-3 s wu per year. That would 1 mply tha
output of 1.601.4 swu per year, making tfeurthge ner at i o n-BAdswuger yepru ltookihd

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

72 Srikumar Banerjee, Director BARE,ounder 6 s D a httpAavdvibacsgsy.inZpfegetations/fddir08.himl
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