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An In-Depth Examination of Iran’s Centrifuge Enrich ment Program and Its Efforts
to Acquire Nuclear Weapons

Introduction

On June 2, 2011, my paper “Out of the Spotlight’s&ate of Enriched Uranium
Production Continues to Increase: Centrifuge Emnieht and the IAEA May 24, 2011
Update” was posted on the Nonproliferation Policu€ation Center website. | am the
sole author of this paper. This was the fourte@ajber that | have written on Iran’s
nuclear program since early 2006See Appendix 1) My prior thirteen papers generate
some interest in the specialist community butdiitl the wider media. | had little
expectation that media interest in the fourteebep would be any different from the
media interest in my previous papers, but staimgune 6, 2011, there occurred a
relative “explosion” of comments on the internebabmy paper. Early comments about
my paper contained several incorrect statemenssthéd comments multiplied, the
misstatements tended to grow as well, since fewngcentators appeared to have actually
read my paper and even fewer attempted to contactlpposted some corrections to a
few sites but as the comments became numerouws;ainte clear that attempting to do
this site by site was a hopeless endeavor.

| have written this paper to respond to the numecmmments and misstatements that
have been posted on the internet, as well as toge@n in-depth examination of Iran’s
centrifuge enrichment program and its efforts tguit@ a nuclear weapons capability.
This paper covers two areas. First, it discudsestigins of my June 2, 2011, paper and
who has sponsored it. Second, it expands my aealj$ran’s centrifuge enrichment
program, including my estimates for how long it \btake for Iran to produce Highly
Enriched Uranium (HEU) for nuclear weapons shouttecide to do so; how these
estimates compare with that of other experts ahdafs; why IAEA safeguards cannot
prevent Iran from making nuclear weapons; how libmgight take Iran to produce a
nuclear weapon should it decide to proceed; whetharactually has a nuclear weapons
program; when Iran might actually acquire nucleaapons; and why Iran’s possession
of nuclear weapons matters. | have already predentich of this material in my
previous papers, but it is consolidated here toigdema comprehensive analysis of these
issues. A summary of the key points appears atnideof the paper.

! The author has multiple affiliations. This papers produced for the Nonproliferation Policy Edimat
Center. Though the author is also a part-timeradjstaff member at the RAND Corporation, this pape
not related to any RAND project and RAND bears egponsibility for any of the analysis and views
expressed in it.

2| also coauthored an article with Henry SokolsKipimbshell: Obama has run out of time to negotiate
with Iran,” The New Republidecember 7, 2010ttp://www.tnr.com/article/79691/bombshell-iran-
nuclear-bomb-uranium-negotiations-obama




The Origins of the June 2, 2011, Paper

In late 2007, | was approached by the Bipartisdicy?€enter and the Nonproliferation
Policy Education Center (NPEC) to provide an analgglran’s centrifuge enrichment
program and how Iran might use this program to pcedhe HEU needed for nuclear
weapons. The resulting paper was published onl Bp#008, and was used as input to
the Bipartisan Policy Center Report “Meeting thealldnge: U.S. Policy Toward Iranian
Nuclear Development. In August 2009 the Bipartisan Policy Center coissioned me
to produce an update of my prior work. This raaglpaper was published August 17,
2009. Ithen added an appendix dated August 319 8)update the paper in light of the
IAEA safeguards report dated August 28, 2009. Jdqeer of August 31, 2009, was used
as input to the Bipartisan Policy Center Report &tileg the Challenge: Time Is Running
Out” dated September 15, 2009.

| had thought that this would be the end of my wankiran but in October 2009, there
was a proposal for Iran to ship a significant grtof its stockpile of 3.5% enriched
uranium out of the country. In turn, Iran woulddrevided with a large stock of 19.75%
enriched uranium in the form of research reactet. fiMuch of the discussion on this
proposal contained serious technical errors araligieored the risks of providing Iran

with uranium enriched to such a high level, evahwas in the form of research reactor
fuel. Therefore on October 12, 2009, | publishghper on the NPEC website to address
these issues.

Thereatfter, | published an additional eleven paparthe NPEC website. Seven of these
papers (including the paper published on June 21 P@ere further updates on Iran’s
enrichment progress, based on the quarterly IAHAgserd updates on Iran. The other
four addressed additional issues related to Ipossible acquisition of nuclear weapons.
These issues were: statements by U.S. governmigialsfas to how long it might take
Iran to produce a nuclear weapon; statements loydotsraeli government officials as to
how long it might take Iran to produce a nucleaapan; the false belief that cyber
attacks have slowed Iran’s uranium enrichment;anodtique of a report by the
International Institute for Strategic Studies (I} their estimates of how long it would
take Iran to produce HEU and a nuclear weapon.

It is important to note that though | was-and reweiconsultant to the RAND
Corporation (an adjunct staff member) none of wsk was performed for RAND.
Statements referring to me as a RAND research st@ffiber, while strictly accurate, are
misleading in the context of my June 2, 2011, pap®e they falsely imply that the

work was performed as part of my RAND duties. RANBued a press release to clarify
the issue.

My NPEC paper was released about the same tim&AN® report on Iran which was
published on June 7, 2041The timing of my paper relative to that of the IRB report

% The report was published on September 19, 2008 paper provided input to that report but | was st
author of that report.
* Lynn E. Davis et al., “Iran’s Nuclear Future: @l U.S. Policy Choices,” RAND, 2011.



was purely coincidental. | had no role in the RANport. The timing of my paper was
driven by the May 24, 2011 release of the IAEA&gaards report on Iran. Such
reports are released roughly quarterly by the IABA] indeed | published a similar
paper exactly one year earlier on June 2, 2010.

Having gone through these preliminaries, | will nagddress the far more important
matter of how Iran’s centrifuge enrichment progremuald be used to produce HEU for
nuclear weapons and how Iran is taking steps taiezquclear weapons.



IRAN’S CENTRIFUGE ENRICHMENT PROGRAM AND NUCLEAR
WEAPONS

Information Provided by the IAEA

In the past, when analysts have evaluated varioustdes’ nuclear programs and
addressed the issue of how they might be usedtode fissile material for nuclear
weapons, often little specific technical informatiwas available. As a result,
calculations would have to be parametric in natwith reasonable assumptions used to
provide a range of possible fissile material praaturcrates. The situation for Iran is
quite different. Since Iran is subject to IAEA&sgifiards and since the IAEA publishes
the results of its inspections, much more technidfarmation about Iran’s centrifuge
enrichment program is available so that far moteibel calculations of fissile material
production rates are possiBle.

Iran has three known centrifuge enrichment faesiti Iran’s main facility is the Fuel
Enrichment Plant (FEP) at Natanz. The basic unitam’s centrifuge enrichment effort
is a cascade which consists of 164 centrifugesighdran has begun to modify some
cascades by increasing the number of centrifug&é34o All centrifuges installed up to
now have been of the IR-1 type. Each cascadesigmed to enrich natural uranium to
3.5% enriched uranium. As of May 14, 2011, Irad mstalled 53 cascades containing
approximately 8,000 centrifuges at the FEP. O$¢he3 cascades, only 35 (containing
5,860 centrifuges) were being fed with uranium Hiexaide and therefore producing
3.5% enriched uraniuth.

Also at Natanz, Iran has the Pilot Fuel Enrichnféliant (PFEP) which is used to test a
number of more advanced centrifuge designs. Taesasually configured as single
centrifuges or small ten or twenty centrifuge testcades. However, Iran has indicated
that it plans to install two full cascades contaghimore advanced centrifuges (one
cascade using IR-4 centrifuges and one cascadg U&im centrifuges) which could
significantly increase the rate of Iran’s productaf 3.5% enriched uranium. In
addition, there are two full cascades each with R84 type centrifuges at the PFEP.
These two cascades are interconnected and are Umsdgo process 3.5% enriched
uranium into 19.7% enriched uranium.

Finally Iran is constructing an enrichment facilitgar Qom. Known as the Fordow Fuel
Enrichment Plant (FFEP), this plant’s constructiaas started clandestinely in violation
of its IAEA safeguards. Its existence was onlyeaded by Iran in September 2009 after
Iran believed that the plant had been discoveretthdyWest. No centrifuges have yet
been installed at FFEP.

® The most recent such reportlisiplementation of the NPT Safeguards Agreementelrdant provisions
of Security Council resolutions in the Islamic Rejpuof Iran, GOV/2011/29, May 24, 2011.

® The IAEA’s description of the number of centrifsgeeing fed with uranium hexafluoride is rather
ambiguous: “The 35 cascades being fed witly tiiFthat date contained a total of 5860 centrifugeme

of which were possibly not being fed with §JF Implementation of the NPT Safeguards Agreement and
relevant provisions of Security Council resolutiamshe Islamic Republic of IrarGOV/2011/29, May 24,
2011, p.2.



Iran has been producing 3.5% enriched uraniumeaEEP since February 2007. As of
May 14, 2011 it had produced a total of 2,775 kidwmgs (in the form of 4,105 kilograms
of uranium hexafluorid®. Based on the IAEA’s safeguards reports, | haleulated the
average Iranian monthly production rate of 3.5%a@d uranium starting from near the
end of 2008. The results are shown in Table 1caksbe seen, while being steady at
around 55 kilograms per month for much of 2009,ptaeluction rate has now almost
doubled to around 105 kilograms per month.

Table 1
Average Iranian Production Rate of 3.5% Enriched Uanium
Late 2008 to Mid-2010

IAEA Reporting Interval Average 3.5% Enriched Uranium Production Rate
(Kilograms Uranium per Month)
11/17/08-1/31/09 52
2/1/09-5/31/09 53
6/1/09-7/31/09 57
8/1/09-10/31/09 57
11/22/09-1/29/10 78
1/30/10-5/1/10 81
5/2/10-8/6/10 80
8/7/10-10/17/10 95
10/18/10-2/5/11 88
2/6/11-5/14/11 105

Iran began producing 19.7% enriched uranium aPtEP in February 2010. Since
production began, the rate of 19.7% enriched uramptoduction has been fairly steady
and as of the last IAEA safeguards report, thewat® 2.6 kilograms per month. As of
May 21, 2011, Iran had accumulated about 38.3 kalmg of 19.7% enriched uranium (in
the form of 56.7 kilograms of uranium hexafluorid&s of the May 21, 2011, date,
about 320 kilograms of 3.5% enriched uranium wdwdde been processed into 19.7%
enriched uranium, leaving Iran with about 2,458#&ihms of 3.5% enriched uranium.
Though Iran claims that it is producing this eneédhuranium for peaceful uses, all of the
3.5% enriched uranium and the 19.7% enriched unamsyust being stockpiled.

From the Iranian production rate of 105 kilograres month of 3.5% enriched uranium
at the FEP, it can be easily calculated that tlast{s current enrichment production

" The IAEA reports Iran’s enriched uranium produstin terms of uranium hexafluoride. However, since
the production of nuclear weapons involves theaigaetallic uranium, we report the uranium conteint
the uranium hexafluoride, which can be found bytiplying by 0.676. Note that the failure to makést
distinction can lead to confusion since the IAEAanium hexafluoride figures are sometimes erroskgou
reported as uranium alone.



capacity is about 4,600 separative work units (S\8&é, Appendix 2) per yearGiven

that in the past Iran’s centrifuges were each produabout 0.89 SWU per year, 4,600
SWU per year would indicate that the equivaleralmdut 31 cascades (5,184 centrifuges)
were in operation. Note that Iran had 31 cascadeperation at the end of the last

IAEA reporting period on February 20, 2011. Sitioe IAEA has indicated that on May
14, 2011, Iran had 35 cascades producing 3.5%hattiaranium, this implies that either
some cascades are not operating at full effectsepethat the new cascades only came
online near the end of the current IAEA reportimgipd. In any event, what is important
is Iran’s current enrichment capacity (4,600 SWUyar) and not the exact number of
centrifuges Iran has in operation.

How Could Iran Produce the HEU Required for a Nucler Weapon?

Iran’s stockpiles of 3.5% and 19.7% enriched unamiiis enrichment capacity of 4,600
SWU at the FEP, it ability to manufacture new céigies as well as its ability to transfer
centrifuges from one facility to the other, all gilran a number of options for producing
the 20 kilograms of HEU required for a nuclear werap Two distinct possibilities
involve either Iran using its existing enrichmeatifity at the FEP or Iran using a
specially constructed clandestine enrichment fgciliWe will examine each possibility
in turn.

Using the FEP to produce enriched uranium

It has long been known that the technical propeuifecentrifuges allow for the fairly
easy production of HEU from a centrifuge enrichnfewntlity even if the facility was not
designed to produce HEU. Writing as long ago &®Mith my colleagues Albert and
Roberta Wohlstetter, we said: “Our analysis of @mment technologies so far has
focused on the current or near-term state of thelashows that the transfers of some
current technologies, and in particular the cemgef, need to be restricted if highly
enricheﬁgl uranium for bombs is not to become easitgssible to many nonweapon
states.

A 1988 training course for the IAEA, conducted bgrtih Marietta Energy Systems
(which at that time was operating the Oak Ridgecénment plant for the U.S.
Department of Energy) confirms this point: “...thare several characteristics of the gas
centrifuge enrichment process that enable a caggifacility designed for produce LEU
[low enriched uranium, i.e. uranium enriched to ®%6%] to be used for the undeclared
production of HEU. Specifically, these featureduidle a high separation factor, a small

8 Assuming 0.4% tails.

® Iran’s stockpiles of enriched uranium are imparsince, in separative work terms, 3.5% enriched
uranium is over 60% of the way to 90% enriched wrarnand 19.7% enriched uranium is about 90% of the
way to 90% enriched uranium.

10 Albert Wohlstetter, Gregory Jones, Roberta Wotttste“Why the Rules Have Needed Changing”,
Towards a New Consensus on Nuclear Technolglme |, PH-78-04-832-33, Pan Heuristics, Pregar
for U.S. Arms Control and Disarmament Agency, Jl¢979, p.73.
http://www.npolicy.org/files/19790706-TowardsANew@ensus-Vol01.pdf




in-process inventory, and a short equilibrium titfie. The course materials also state that
the production of HEU can be carried out eitheftigtch recycling operations” or by
“reconfiguring the process pipindg® These processes are discussed below.

Batch Recycling

According to Martin Marietta, “In batch recyclegthpproach involves recycling cascade
product on a batch basis using one or more undacks. In this method, physical
modifications to the process and support systemsatrnecessarily required to produce
HEU successfully*® “...batch recycling is a viable option for a shantrifuge facility.
Reflux and criticality problems do not arise in ttescade because of the use of low-
pressure Ukgas. However, precautions must be taken in ptechltecting areas where
the gas is returned to the solid pha¥elh other words, due to the higher enrichment of
the product in batch recycling, criticality safent@miners must be used when the gas is

converted back to a solid.

Batch recycling is the process of greatest consmce it allows Iran to produce the HEU
needed for a nuclear weapon in the least amouithef Iran’s cascades at the FEP
produce 3.5% enriched uranium from natural uranjusually considered to have an
enrichment of 0.711%). Without modification thesescades could produce HEU in a
three step process, starting from 3.5% enrichediuma In the first step, 15.5% enriched
uranium would be produced from 3.5% enriched uranin the second step, 48.2%
enriched uranium would be produced from the 15.8%cked uranium and in the third
step 82.5% enriched uranium would be produced flem8.2% enriched uraniuth.

But a simple modification to the cascades can imgthis process. As Martin Marietta
points out, it is possible to increase the enriahine each step by reducing the flow
through the cascad®.As long as the flow is not reduced too severtblg,separative
capacity is not greatly reduced. It is not posstbluse this method alone to produce
90% enriched uranium from 3.5% enriched uranium@laser has shown that reduced
cascade flow can be used to improve the batch liagygrocess by reducing the number
of cycles from three to twt. In the two step process, the first step wouldipoe 19.7%
enriched uranium from 3.5% enriched uranium and the second step would take the

1 “safeguards Training Course: Nuclear Material §ageds for Enrichment Plants, Part 4. Gas Cengifug
Enrichment Plant: Diversion Scenarios and IAEA §afads Activities”, K/ITP--156/P4/R1, Martin
Marietta Energy Systems, Inc., Oak Ridge, Tenne&3emwber 1988, p.148.

21bid., p.187.

3bid., p.178.

bid., p.148.

> Though weapon states have generally used HEUamitanrichment of at least 90%, it is known that
HEU with an enrichment of at least 80% can be dseduclear weapons. For example, the first South
African nuclear weapon used HEU with an enrichnudi@0%. See: David Albright, “South Africa and the
Affordable Bomb”,Bulletin of the Atomic Scientistduly/August 1994, pp.37-47.

16 “gafeguards Training Course: Nuclear Material §ageds for Enrichment Plants, Part 4. Gas Cengifug
Enrichment Plant: Diversion Scenarios and IAEA 8a#eds Activities”, K/ITP--156/P4/R1, Martin
Marietta Energy Systems, Inc., Oak Ridge, Tenne3etber 1988, p.165.

7 Alexander Glaser, “Characteristics of the Gas ffeige for Uranium Enrichment and Their Relevance
for Nuclear Weapon Proliferationgcience and Global Securityol. 16, 2008, p.16.



19.7% enriched uranium and further enrich it to90&6 level for use in a nuclear
weapon? | have performed calculations based on the twp-ptocess, taking into
account Iran’s current stockpile of 19.7% enricheahium. The results are shown in

Table 2.

Table 2

Time, Product and Feed Requirements for the Produadn of 20 kg of HEU by Batch
Recycling at the FEP (4,600 SWU per year, 31 Equilent Operating Cascades,

5,184 Centrifuges, 0.89 SWU per Centrifuge-Year)

Cycle Product Enrichment Feed Enrichment Time for Cycle
and Quantity and Quantity (Days)
First 19.7% 3.5% 46
119.9 kg 1,415 kg
Second 90.0% 19.7% 12
20 kg 153.2 kg*
Total 62**

* Includes 38.3 kilograms of 19.7% enriched uramitnat Iran has already stockpiled.
**Includes four days to account for equilibrium acakscade fill time.

As can be seen, Iran can now produce the 20 kiogi@ HEU needed for a nuclear
weapon in about two months should it decide toaoMost of this time is taken by the
first step, where 3.5% enriched uranium is enridioet®.7% enriched uranium. This

first step in this batch recycling process is ntban a theoretical possibility, since Iran is
already producing 19.7% enriched uranium from 3éstiched uranium. Iran used one
of its standard 164 centrifuge cascades to starptiocess. Since as was stated above, if
the flow through the cascade were unaltered, 0Bl§% enriched uranium would be
produced, it is apparent that Iran has reducefldinethough the cascade, so that 19.7%
enriched uranium is being produced instead.

Also, since Iran has already established the giachat it can enrich 3.5% enriched
uranium to 19.7% enriched uranium, it is not ckbat the first step in the batch recycle
process would be considered a safeguards violationly the second step of batch
recycling might be considered a violation of safgls but by then Iran would need only
about two weeks to produce the HEU required fon@ear weapon.

That Iran can produce the 20 kilograms of HEU resgfifor a nuclear weapon in just two
months is a dramatic reduction in the time that iidwave been required only a few
years ago. In the first part of 2008 when | magfinst calculations, | estimated that it

18n his analysis, Glaser also uses two steps.islfirst step, 3.5% enriched uranium is enriched@®%
and then in his second step the 16.3% enrichedwmais enriched to 91.0%. While obviously diffegim
detail, the principle is the same.



would take Iran two to four years to be able todoce the HEU required for a nuclear
weapon.

Further, as Iran’s stockpile of 19.7% enriched urancontinues to grow, the time
required for Iran to produce HEU will continue tectine. When Iran has a stockpile of
about 160 kilograms of 19.7% enriched uraniumiiiitlve possible to skip the first step
entirely and Iran will be able to produce 20 kilagns of HEU in only about 2 weeks. At
Iran’s current rate of production of 19.7% enricleednium, the time when Iran will have
a stockpile of 160 kilograms of 19.7% enriched wranis still about four years away.
However, Iran has recently announced that it plarigple its rate of production of
19.7% enriched uraniufii. Not everything that Iran has been announced atout
enrichment program has come to pass but if Irarcaaty through on this proposal
reasonably soon, then it might have the requirédkllégrams of 19.7% enriched
uranium by the end of 2012.

One disadvantage of the batch recycling procetbstst requires relatively large
amounts of 3.5% enriched uranium to produce theired 20 kilograms of HEU needed
for a nuclear weapon. Starting from 3.5% enrichiethium and having no intermediate
stockpile of 19.7% enriched uranium, it takes aldg@00 kilograms of 3.5% enriched
uranium to produce 20 kilograms of 90% enrichechura by batch recycling. In
contrast, if one uses an enrichment plant desigpedifically to produce 90% enriched
uranium from 3.5% enriched uranium, then it wouhliydake about 600 kilograms of
3.5% enriched uranium to produce 20 kilograms &b®hriched uranium. The reason
for this difference is that the tails in the lattase would be only 0.4% enriched uranium
meaning that most of the U-235 contained in th&w@ehriched uranium would end up in
the 90% enriched product. However, in the firdtbaecycle step the tails are 2.0%
enriched uranium and in the second step 9.2% exdiahanium, so that much of the U-
235 in the original 3.5% enriched uranium is “lost’the tails. In reality, Iran could
eventually extract the U-235 from these tails buhie short term 1,900 kilograms of
3.5% enriched uranium would be needed to produsedtuired 20 kilograms of 90%
enriched uranium.

With Iran’s current setup it can produce 20 kilogsaof HEU from somewhat less than
1,900 kilograms of 3.5% enriched uranium. In Fabyl?2010 Iran started producing
19.7% enriched uranium from 3.5% enriched uranismgione of its standard 164
centrifuge cascades. As stated above the tais finis process would have had an
enrichment of 2.0%. To utilize its 3.5% enrichednium more efficiently, in July 2010
it added a second of its standard 164 centrifugeades to this process but rather than
increase its output of 19.7% enriched uranium, $bond cascade was used to reduce
the tails enrichment from 2.0% to 0.7%. This rdgucincreases the amount of 19.7%
enriched uranium that can be produced from a gareaunt of 3.5% enriched uranium
by about 73%. The effect of this improvement carséen from Table 2. Currently it
would take about 1415 kilograms of 3.5% enricheahitrm when used with Iran’s
existing stockpile of 38.3 kilograms of 19.7% ehad uranium to produce 20 kilograms

9 David E. Sanger and William J. Broad, “Iran Say#/lll Speed Up Uranium Enrichmentew York
Times June 8, 2011.



of HEU. Since it took about 320 kilograms of 3.8#iched uranium to produce the
38.3 kilograms of 19.7% enriched uranium, this nsedat Iran could produce 20
kilograms of 90% enriched uranium from about 1,K&grams of 3.5% enriched
uranium. Since Iran has already produced 2,7 dgiaims of 3.5% enriched uranium it
has more than enough to produce this much HEU.

Further as noted above, if Iran wanted to produsecand 20 kilogram batch of 90%
enriched uranium (so that it would have a totad@kilograms, enough for two nuclear
weapons), then it would require 1,900 kilogram8.6£6 enriched uranium. Added to
the 1,735 kilograms required for the first 20 kilagn batch of 90% enriched uranium,
Iran would need to produce just over 3,600 kiloggah3.5% enriched uranium in total.
Given that Iran has already produced 2,775 kilograf3.5% enrich uranium and is
producing about 105 kilograms, by the beginning@ft year Iran will be in a position to
produce two nuclear weapons worth of HEU. Tabéba®ws how this process would be
carried out.

Since Iran would have already consumed its stoelqdill9.7% enriched uranium by
producing the first batch of 20 kilograms of HEbiistcase would take about two and one
half months. The production of the HEU for two weas would have to be carried out
sequentially with the production of the HEU for fivet weapon taking about two

months (Table 2) and the production of the HEUtlier second weapon taking about two
and one half months (Table 3) for a total of alfout and one half months. These times
should be considered the maximum since by the beggrof 2012, Iran will have
produced more 19.7% enriched uranium and likely wal’/e added even more
enrichment capacity which will shorten the timeuieed.

Table 3
Time, Product and Feed Requirements for the Produabn of a Second Batch of 20

kg of HEU by Batch Recycling at the FEP (4,600 SWper year, 31 Equivalent
Operating Cascades, 5,184 Centrifuges, 0.89 SWU peéentrifuge-Year)

Cycle Product Enrichment Feed Enrichment Time for Cycle
and Quantity and Quantity (Days)
First 19.7% 3.5% 61
158.2 kg 1,872 kg
Second 90.0% 19.7% 12
20 kg 153.2 kg
Total 77*

*Includes four days to account for equilibrium azascade fill time.
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Reconfiguring the Process Piping

Iran’s centrifuge enrichment plant at the FEP csss0f over 30 cascades operating in
parallel, each producing 3.5% enriched uranium fratural uranium. It would be
possible to repipe the enrichment plant, so thatdscades operated in series and
thereby produce the 90% enriched uranium needeal oiclear weapon. The amount of
time needed to repipe the FEP is unknown. To predun accurate estimate, one would
have to be a centrifuge enrichment plant enginedrkaow the design details of the FEP.
Various analysts have produced guesstimates dintigerequire, which are usually
several months. For example, the 1ISS has estarihtd repiping the FEP would take a
minimum of three month®.

One way that the FEP could be repiped would bedate a cascade that could produce
HEU starting from natural uranium. Glaser hassitated how this could be carried
out? It would take the repiped enrichment plant aboné months to produce the 20
kilograms of HEU needed for a nuclear weapomdding the minimum of three months
required to repipe the FEP, this process wouldireqt least one year, which is far
longer than the 2 months required by the batchateqyrocess. One of the reasons it
takes the repiped FEP so long to produce HEU isitipgpoduces HEU from natural
uranium, and does not take advantage of Iran’dkztockpiles of 3.5% and 19.7%
enriched uranium.

In order to produce the HEU more quickly, some hawggested that the FEP be repiped
so as to produce HEU starting with 3.5% enricheshiwum. This allows Iran to utilize its
stockpile of 3.5% enriched uranium but not its kple of 19.7% enriched uranium. If
repiped in this way, the FEP could produce theigi@yjkams of HEU needed for a

nuclear weapon in about three morfthAdding the minimum of three months needed to
repipe the FEP, the HEU would be produced in at $igsnonths. While this is
significantly shorter than the one year requiradiie repiped FEP which produces HEU
from natural uranium, it is still much longer thidithe HEU were produced by batch
recycle.

One problem with repiping the FEP to produce HEb3.5% enriched uranium is that
the plant could only operate as long as Iran’skgiibe of 3.5% enriched uranium lasted.
Iran’s current stockpile of 3.5% enriched uranil®b5 kilograms) would run out after
Iran had produced 77 kilograms of HEU which wouddemough for about four nuclear
weapons. It would take about one year to procikss the 3.5% enriched uranium into
HEU. Adding in the minimum of three months neettecepipe the plant, a total time of
approximately 15 months would be required. Oneestiockpile of 3.5% enriched

“ran’s Nuclear, Chemical and Biological CapabilisieA net assessmean |ISS strategic dossier, The
International Institute for Strategic Studies, Lond2011.
L Alexander Glaser, “Characteristics of the Gas ffeige for Uranium Enrichment and Their Relevance
for Nuclear Weapon Proliferation§cience and Global Securityol. 16, 2008, pp.17-19.
22 H

0.4% tails.
230.711% tails, i.e., the enrichment equal to tHatadural uranium.
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uranium has been exhausted, the FEP would neeslrepiped a second time so as to be
able to produce additional HEU from natural uranium

Repiping the FEP or using batch recycle at the &EeRfhot mutually exclusive. The best
strategy for Iran would be to use batch recycllhat~EP to produce one or two weapons
relatively quickly. As was shown in the last sentilran could currently produce the
HEU for a nuclear weapon in just two months. Ohét@as accumulated a large enough
stockpile of 3.5% enriched uranium which will prbbaoccur by the beginning of 2012,
it could produce enough HEU for a second nucleapea in an additional two and one
half months. Once Iran had exhausted its stockpileenriched uranium, it could then
repipe the FEP and use it for sustained HEU praoluctsing natural uranium as feed.

Producing HEU in a Clandestine Enrichment Facility

Since Iran can produce its own centrifuges and @sctransfer centrifuges from
safeguarded facilities to unknown locations (IAE#eguards do not apply to the
centrifuges once they leave a safeguarded fagcilitgm has the option to produce HEU at
a clandestine enrichment plant. Since Iran coesrto refuse to implement the
Additional Protocol to its safeguards agreemem,|&EA would find it very difficult to
locate a clandestine enrichment plant—a fact e AEA has continued to confirff.
While this has been a theoretical possibility sig087, its salience increased with the
discovery in September 2009 that Iran was actumlliding such a clandestine
enrichment plant (the FFEP near Qom).

A clandestine enrichment plant containing 23 cassdd,772 centrifuges, 0.89 SWU per
centrifuge-year) could produce around 20 kilografdEU (the amount required for a
nuclear weapon) each year using natural uraniufeess Since this option does not
require any overt breakout from safeguards, tredivelly slow rate of HEU production
would not necessarily be of any concern to IranchSproduction could be going on right
now and the West might well not know. A clandes&mrichment plant would need a
source of uranium but Iran is producing uraniura atine near Bandar Abb&s.Since

Iran has refused to implement the Additional Protac its IAEA safeguards, this
uranium mining is unsafeguarded and the wherealofuke uranium that Iran has
produced there is unknown.

A clandestine 23 cascade enrichment plant couttltadsused to convert Iran’s stockpile
of 3.5% enriched uranium into the HEU requiredi@apons. The 20 kilograms of HEU

24 «\While the Agency continues to verify the non-disien of declared nuclear material at the nuclear
facilities and LOFs declared by Iran under its §a#eds Agreement, as Iran is not providing the seaey
cooperation, including by not implementing its Atitatial Protocol, the Agency is unable to provide
credible assurance about the absence of undeciacdelr material and activities in Iran, and therefto
conclude that all nuclear material in Iran is impeful activities.”Implementation of the NPT Safeguards
Agreement and relevant provisions of Security Cibwesolutions in the Islamic Republic of Iran
GOV/2011/29, May 24, 2011, p.9.

% |mplementation of the NPT Safeguards Agreementeladant provisions of Security Council
resolutions in the Islamic Republic of Ira®0V/2011/7, February 25, 2011, p.9.
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needed for a weapon could be produced in aboutaiodione-half montHS. Further

only about 600 kilograms of 3.5% would be requi@groduce 20 kilograms of HEU, so
the current stockpile of about 2,450 kilograms &P8 enriched uranium would be more
than enough for four weapon’s worth of HEU, thotigils entire process would take
more than one year to complete. However, usinguiteent stockpile in this fashion
would require Iran to violate IAEA safeguards, whigould expose Iran to Western
counteraction over these four and one half moniiree time required could be shortened
by assuming that the clandestine enrichment plamtiains more that 23 cascades but a
very large clandestine enrichment plant appeabg tionplausible currently, given Iran’s
resources. As aresult, it is more likely thdtain were to use the clandestine enrichment
route, it would use a plant that used natural unranas feed since there would then be no
need to overtly violate safeguards.

Comparison with Other Estimates

How do these estimates of the time it would take bo produce enough HEU for a
nuclear weapon compare to those of other analyats®e will see, when the same
assumptions are used, the estimates are geneudkysimilar.

In 2006 Kemp and Glaser presented a general asalj/#ie ease with which gas
centrifuge technology could be used to produce HEWhis paper had no particular
focus on Iran. They said that “The gas centrifisge particularly challenging technology
for the institutions of the existing nonprolife@tiregime.” They calculated that if a
stockpile of 4.4% enriched uranium were to be bagclycled in an enrichment facility
with a separative capacity of 55,000 SWU per ysi@n(ficantly larger than Iran’s
current 4,600 SWU per year) then 25 kilograms ofHBuld be produced in less than
two weeks. They went on to say “...this breakouescé is simple and fast to
implement and minimizes the risk of timely detestand thus international response.”

In March 2009 Kemp and Glaser provided an analyisigan’s centrifuge enrichment
program?® They assumed that Iran’s goal would be to prod@ickilograms of HEU for
a nuclear weapon. They calculated that Iran woelked a stockpile of 2,200 kilograms
of 3.5% enriched uranium to batch recycle at Natararder to produce this much HEU.
Since as of February 2009 Iran had produced orykdB8grams of 3.5% enriched
uranium, they estimated that depending on Irartisréurate of 3.5% enriched uranium
production, it would take Iran somewhere betweg&raad 31 months for Iran to acquire
this much 3.5% enriched uranitfthKemp and Glaser stated that once Iran had this
stockpile it would be in a position to be able &tdh recycle the 3.5% enriched uranium
at the FEP to produce the 25 kilograms of HEU. yTd¢aculated that depending on the

% Using tails of 0.4%.

" R. Scott Kemp and Alexander Glaser, “The Gas @fegt and the Nonproliferation of Nuclear
Weapons, Proceedings of the Ninth International WorkshopSaparation Phenomena in Liquids and
Gases (SPLG)September 18-21, 2006, Beijing, China, Tshingboaversity Press, 2007, pp. 88-95.

% R. Scott Kemp, and Alexander Glaser, “Statemeritamis ability to make a nuclear weapon and the
significance of the 19 February 2009 IAEA reportlan’s uranium-enrichment program,” March 2, 2009.
http://www.princeton.edu/~rskemp/can-iran-make-abgdf

? |ran achieved this stockpile size in about 19 msifNovember 2010).
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separative capacity at the FEP, this batch reqydeess could take between seven
weeks and six months.

If Kemp and Glaser had taken as Iran’s goal theyeton of 20 kilograms of HEU (the
goal | use in my calculations), then their requiesnfor the size of Iran’s 3.5% enriched
uranium stockpile would have been reduced to ab@a0 kilograms, which is close to
my calculation of 1,900 kilograms. Given the cuatreeparative capacity at the FEP
(4,600 SWU per year) and again taking the goahefgroduction of 20 kilograms of
HEU, Kemp’s and Glaser’s estimate would be 12 weékace at that time, Kemp and
Glaser did not know that Iran would also have algide of 19.7% enriched uranium
(Iran did not start producing this material unldfuary 2010), the proper comparison is
with my Table 3, which indicates a time of 11 weeHl#is is very close to the 12 week
period they would have calculated and thus Kempt@laser’s calculations and mine
yield very similar resultg’

The International Institute for Strategic Studi#S$) published an estimate in February
2011 which stated that it would take Iran betweem® 17 months to produce the HEU
needed for a nuclear weapon and its preferred astimas 17 month¥. | have critiqued
this work in detail elsewhere but | will highligtite main differences which all have to
do with differences in input assumptiofis.

The 1ISS’s preferred estimate of 17 months assuhstdran would take the longer path
of repiping the FEP rather than the significantigider path of using batch recycle. Its
estimate for the production of HEU at the FEP biglhaecycling is only 6 months. The
[ISS calculations assume that the separative cypatcihe FEP is only about 3,500 SWU
per year which was appropriate for the first h&l2010 but not for 2011 when the
separative capacity is 4,600 SWU per year. Udweghigher separative capacity would
reduce the [ISS’s estimate from 6 months to ontyuald.5 months. The IISS assumes
that Iran would have to produce 37.5 kilograms &lHor a single weapon, arguing that
there would be significant wastage in the productbthe HEU metal sphere required
for a nuclear weapon. They calculated this nurblyestarting from the IAEA’s
“significant quantity” of 25 kilograms of HEU anduttiplying by 1.5. This however,
ignores the fact that the IAEA’s significant quaytilready includes a wastage factor as
well as the fact that since HEU is more valuabstbold, any material “lost” in
processing would be recovered and reused. I[fi8f&'d estimate used a goal of 20

%0 Kemp obtained his PhD in 2010 and he now worksHerU.S. State Department, which has ended his
collaboration (and publications on Iran’s enrichin@mgram) with Glaser.

31 They also assumed that an additional six monthsdduoe required to produce an actual weapon, making
their total estimate between one and two years thighr preferred estimate being two years. Howethés
estimate makes the mistake of assuming that thduption of HEU by Iran and the development of a
nuclear weapon by Iran would have to take placgeguence when in fact it could take place in pairall
This will be discussed in more detail below.

32 Gregory S. Jones, “Critique of [ISS Estimates ef Time Required for Iran to Produce the HEU Metal
Core Required for a Nuclear Weapon, Addendum: TRequired to Produce the Non-Nuclear
Components Needed for a Nuclear Weapon,” Marcl®B]1 2Revised April 6, 2011
http://www.npolicy.org/article_file/Critique _of IS Estimates with_Addendum.pdf
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kilograms instead of 37.5 kilograms then its estenwaould drop to only about 2.5
months which is close to my estimate and to Kerap® Glaser’s estimate.

Other estimates of when Iran might be able to ptedhe HEU required for nuclear
weapons are often given as flat statements witbupporting analysis. This is especially
so for the estimates given by various U.S. govemntro#ficials. In many cases these
estimates appear to be merely wishful thinking. | Aave written elsewhere, the
distinguished intelligence analyst Roberta Wohtstetoted a phenomenon where
analysts when faced with an unpleasant realitgatsengage in self-deception by
constructing a more pleasant fiction that allowesdhalysts to avoid facing up to the
more unpleasant reality.

One example that falls into this category was kanipposed problem with molybdenum
contaminating its uranium suppligs.An unnamed U.S. State Department official
claimed that Iran’s uranium was “tainted with laggaounts of molybdenum and other
heavy metal.” “An IAEA specialist said that theparities “might condense and thereby
risk blockages of valves and piping” [in Iran’s ihment plant]. The upshot of this
supposed problem was that Iran’s enrichment progvanid be delayed which would
buy the West “months” that would allow time for tipacy to stop it. This story
circulated in the early part of 2006. In retrodpemlybdenum was clearly not a major
problem for Iran which has since produced a sizataekpile of 3.5% enriched uranium
and as of February 2010, 19.7% enriched uraniumedis

A similar event occurred at the beginning of 201iewit was claimed that the computer
worm “Stuxnet” had seriously damaged and slowed'$raentrifuge uranium enrichment
program during the latter part of 2009. | haveited these claims elsewhere, and as can
be seen from Table 1, Iran’s uranium enrichmentipction was not disrupted in the
latter part of 2009. Indeed during 2010 and th&t part of 2011, it has significantly
increased” Again, this story appears to be nothing but nselédeception to avoid

facing up to the great strides that Iran has matteitg uranium enrichment program and
how the time that it will take Iran to produce tHEU needed for a nuclear weapon has
been steadily shrinking.

Putting aside these various efforts at self-deoemind focusing on the calculations of
when Iran might be able to produce HEU, we seevitain assumptions are used that are
similar to my own, Iran could produce the 20 kilagns of HEU needed for a nuclear
weapon in approximately two months. This time willy continue to decrease as Iran’s
stockpile of 19.7% enriched uranium continues tmagand Iran’s enrichment capacity
continues to increase. It is important to keemind that Iran could produce this HEU in

33 Gregory S. Jones, “The Pleasures Of Self-Decepfiba Fiction That Cyber Attacks Have Slowed
Iran’s Drive for Nuclear Weapons,” January 26, 2011

http://www.npolicy.org/article_file/The Pleasure$ $elf Deception_Fiction.pdf

% Richard Stone, “Iran’s Trouble With Molybdenum M@jve Diplomacy a Second Chanc8gience
Vol. 311, January 13, 2006, p.158.

% Gregory S. Jones, “The Pleasures Of Self-Decepfiba Fiction That Cyber Attacks Have Slowed
Iran’s Drive for Nuclear Weapons,” January 26, 2011

http://www.npolicy.org/article_file/The Pleasure$ $elf Deception_Fiction.pdf
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two months only assuming that they made the decisistart the process today. In
other words the two month estimate does not nedsseean that Iran actually will
have the HEU required for a nuclear weapon in tvemtims. When Iran might actually
take the step of producing HEU is discussed below.

IAEA Safeguards

Some of those who commented on my June 2, 2011 papesssed the belief that
regardless of how fast Iran could manufacture tB&Jrieeded for a nuclear weapon,
there was no reason for concern since Iran’s eméctt facilities are under IAEA
safeguards. Their view is that any attempt to pcedHEU would be immediately
detected and swift counteraction would be takemmé&have even expressed the
mistaken belief that it would be the IAEA itselfathwould stop Iran from acquiring the
HEU needed for a nuclear weapon.

Regarding this latter point, | am reminded of atqtion attributed to the former ruler of
the Soviet Union, Joseph Stalin. Reportedly, whessed to improve his relations with
the Vatican, Stalin responded, “How many divisidongs the Pope of Rome have?” The
IAEA like the Pope does not have any divisionsddés not even a police force. By
itself, it cannot take any military or law enforcem action to stop Iran or any other
country from acquiring the fissile material requdifer nuclear weapons. Rather,
according to the IAEA “...the objective of safeguaisithe timely detection of diversion
of significant quantities afiuclear material..”*® [Emphasis in original]

As | wrote with my colleagues Albert and Robertal¢tetter over thirty years ago,
“Safeguards do not mandate any penalties but timigly warning. [Emphasis in
original] This is what affords at least the poggibof counteraction. Without even
timely warning, we would have little besides reraggnce.®’

A key issue is how timely “timely detection” neddsbe. Presumably, “timely warning”
allows for enough time to prevent safeguarded rauctgaterial or facilities from being
used to produce the fissile material (HEU or plutam) that could be used for nuclear
weapons. The nominal detection times given byAlA are quite long”® Even for
weapons ready material (“unirradiated direct-usi®, maximum time given by the
IAEA for the detection of diversion is one montfor material such as Iran’s current
stockpiles of 3.5% and 19.7% (“indirect-use”) thmmnal maximum time is one year.

% The Structure and Content of Agreements Betweegéecy and States Required in Connection with
the Treaty on the Non-Proliferation of Nuclear Weagp INFCIRC/153, International Atomic Energy
Agency, June 1972, p.9.

37 Albert Wohlstetter, Gregory Jones, Roberta Woltlste“Why the Rules Have Needed Changing”,
Towards a New Consensus on Nuclear Technolglpme |, PH-78-04-832-33, Pan Heuristics, Pregar
for U.S. Arms Control and Disarmament Agency, Jl#979, p.32.
http://www.npolicy.org/files/19790706-TowardsANew@ensus-Vol01.pdf

3 |AEA Safeguards Glossarg001 Edition, International Nuclear Verificatioer@&s, No. 3, International
Atomic Energy Agency, Vienna, 2002, pp.20-21.
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It is well recognized by the IAEA and others thafegjuarding a centrifuge enrichment
plant is very challenging even if the centrifugei@mment plant is not in Iran and that
inspections will have to be much more timely thacea year. This issue is the subject
of much discussion and it is clear that there tsyeba consensus on how to successfully
safeguard a centrifuge enrichment facifityThe European centrifuge enrichment
consortium, URENCO, allows the IAEA to use a Comtins Enrichment Monitor at two
of its plants which monitors the enrichment levethe gas in the product pipe as it is
being produced. Such a technology would be usefishn but Iran apparently will not
allow any type of remote monitoring including remaiccess to the IAEA’s safeguards
camera$? Though parts of the FEP are under continuousovideeveillance, the video
footage can only be accessed in person at thdwiteg an inspection. Instead of being
able to monitor the FEP continuously in real-tire IAEA must rely on periodic
inspections at the site. These include routinpansons that seem to occur monthly as
well as unscheduled inspections.

During March 2007 to February 2008, there were pindese unannounced
inspectiond? The IAEA has probably increased the frequendysafinannounced
inspections but they are unlikely to occur morentbace or twice a month, meaning that
there are probably one to three weeks betweendtisps. If Iran possessed a large
enough stockpile of 19.7% enriched uranium, it daaririch this material to produce the
20 kilograms of HEU needed for a nuclear weapgnshtwo weeks. It is clear that Iran
could finish this process in between inspectionvifere lucky and at any rate there
might be only one or two weeks of warning.

Since the IAEA’s basic safeguards document, INFQIBG?, was written back in 1972,
the IAEA has realized that there are additionahpdhat countries can take to acquire the
fissile material required for nuclear weapons pamticular there is the threat that
clandestine facilities could be built to producssiie material. The IAEA’s original
safeguards tended to focus “mainly on nuclear natend activities declared by the
State. However, the discovery of Iraq’s clandestinclear weapons programme (despite
an existing comprehensive safeguards agreemenebetitaq and the IAEA), as well as
subsequent events in the DPRK, demonstrated theffeative verification regime must
also focus on possible undeclared material andites.”* In May 1997 the IAEA

39 peter Friend, “Conference Summargymposium on International SafeguardsEA, Vienna, 1 to 5
November, 2010, Roland Carchon, et al., “Load melhitoring in Gas Centrifuge Enrichment Plants:
Potentialities for improved safeguard verificatigri§uclear Engineering and DesigWol. 241, 2011, pp.
349-356 and B. Boyer et al., “Gas Centrifuge Enmieht Plants Inspection Frequency and Remote
Monitoring Issues for Advanced Safeguards Impleugons,” LA-UR 10-06169, IAEA-CN-184/139,
2010 Safeguards Symposium, Vienna, November, 2010.

0 David Blair, “Iran’s main nuclear plant expandirapidly, says IAEA” The TelegraphJune 8, 2009.
“*! Implementation of the NPT Safeguards Agreementelgdant provisions of Security Council
resolutions 1737 (2006) and 1747 (2007) in thensaRepublic of ranGOV/2008/4, IAEA, February
22,2008, pp.7-8.

“2The Structure and Content of Agreements Betweerdéecy and States Required in Connection with
the Treaty on the Non-Proliferation of Nuclear Weagp INFCIRC/153, International Atomic Energy
Agency, June 1972.

3 This and the other quotations in this paragragtfram: Non-Proliferation of Nuclear Weapons &
Nuclear Security: IAEA Safeguards Agreements arditiddal Protocols IAEA, May 2005.
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Board of Governors approved the Model AdditionadtBcol to Safeguards. As with all
safeguards, the Additional Protocol is a voluntgyeement between the State and the
IAEA. States that add the Additional Protocolheit safeguards agreement with the
IAEA are required “to provide the Agency with arpaxded declaration that contains
information covering all aspects of their nuclead auclear fuel cycle activities. The
States must also grant the Agency broader right€odss and enable it to use the most
advanced technologies.” The Additional Protocqgluiees a State to provide “access to
any place on a nuclear site and to other locatidrere nuclear material is, or may be
present.”

Since 1998, 109 countries have had the Additionaideol to their safeguards agreement
with the IAEA enter into forcé* Iran is not one of these countries. Up until20@n

did not have the Additional Protocol as part ol KEA safeguards agreement. However,
in the aftermath of the revelation of its clandesttentrifuge enrichment program and
Iran’s voluntary halt to this program, Iran sigrtbd Additional Protocol in December
2003. Normally there would have been a lag froentitme of the signing until the
Additional Protocol formally entered into force lezn would first have had to ratify this
Protocol. However, Iran indicated that the IAEAutmbstart enforcing the Additional
Protocol immediately even before it had formallyesed into force. Iran never ratified
the Additional Protocol. Instead in February 2006t as Iran resumed work on its
centrifuge enrichment program, Iran informed th&MAthat the IAEA could no longer
enforce the Additional Protoct. Consequently, while the IAEA can monitor the lgan
centrifuge facility at Natanz, it cannot condudivaties to find any clandestine
enrichment facilities nor can it monitor Iran’s teéfuge manufacturing facility to see if it
is manufacturing additional centrifuges beyond wdaat be accounted for by Iran’s
safeguarded enrichment program.

A related issue is the time requirement for Irapriovide the IAEA design information
on new facilities. Under Iran’s safeguards agraegnaesign information is to “be
provided as early as possible before nuclear naierintroduced into a new facility”.
However, in February 2003, Iran agreed to the “rivediCode 3.1” which requires Iran
to provide design information on new facilities ‘s®on as the decision to construct or to
authorize construction has been taken, whicheveaiiser.”® Therefore design
information has to be provided before any new qobn begins and any clandestine
facility discovered under construction would autticaly be a violation of Iran’s
safeguards agreement. However, in March 2007da@hthat it was reverting to its old
version of Code 3.1 which means that in its vieanlonly must provide design
information on new facilities not later than 18@/sl&efore the introduction of nuclear
material into a facility. The IAEA says that Iraan not agree to the Additional Protocol

4 As of June 21, 2011, see: “Safeguards and VetiisaStatus of Additional Protocols”,
http://www.iaea.org/OurWork/SV/Safeguards/protdatwh

“5 Implementation of the NPT Safeguards Agreemetmeinsiamic Republic dfan, GOV/2006/15, IAEA,
February 27, 2006, pp.6-7.

6 “Statement by the Legal Advisor”, Meeting of thedsd of Governors [IAEA], March 2009,
http://www.armscontrolwonk.com/file_download/162¢a¢ Adviser_Iran.pdf
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and modified Code 3.1 and then unilaterally stomgkying but despite UN Security
Council resolutions calling for Iran to resumedtsmpliance, Iran has not.

Nor is this just an academic concern. In Septeribé®, Iran concerned that its
activities had been discovered, was forced to athmttit was building a clandestine
centrifuge enrichment plant at Qom. The IAEA dhiat this was a violation of its
modified Code 3.1 obligations but Iran contends timaler its old Code 3.1 obligations it
only had to inform the IAEA 180 days before nuclesterial was introduced into the
centrifuges at Qom. Since this has still not happe Iran claims that it has committed
no violation. Further complicating matters, foregpurces report that the construction of
the facility at Qom started in 2006, back when Was still supposedly complying with
the modified Code 3.1 but Iran claims that the twesion did not start until after March
2007.

Without Iran’s compliance with the Additional Protd and the modified Code 3.1, there
is no way that the IAEA can assure that additiafe@hdestine centrifuge enrichment
plants are not being constructed or are not inaimer. In its recent statements, the
IAEA has admitted to as muéh. This is significant because, as was shown aheike,a
clandestine centrifuge enrichment plant contairibgut 3,800 of its current centrifuges,
Iran could produce about one weapon’s worth of HEy¢ar.

While the IAEA has been clear about the threat gdsem possible clandestine Iranian
centrifuge enrichment facilities, it has not bealing to admit the seriousness of the
threat posed by Iran’s centrifuge enrichment faesithat are under safeguards. As was
shown in the calculations above, Iran’s currentrifige enrichment facilities allow Iran
to quickly produce the HEU needed for nuclear waapoAs Iran continues to expand its
centrifuge enrichment facilities and adds to itxkpiles of 3.5% and 19.7% enriched
uranium, this time will grow ever shorter. At whatint does the time become too short
to provide “timely warning”?

As | wrote with my colleagues Albert and Robertal¢tetter and Henry Rowen in
1979:

“...bilateral and international inspection systemsruiteed need
improvement, but if such improved inspection i®éomore than a facade
for a possible steady advance toward nuclear eixgl@saterials by states
that do not presently have them, the facilitieecpsses and stocks
inspected must be far enough away from yielding lbomaterial to make
timely warning feasible. Unless sensitive techgae are restricted,

“"“While the Agency continues to verify the non-disien of declared nuclear material at the nuclear
facilities and LOFs declared by Iran under its §a#eds Agreement, as Iran is not providing the seaey
cooperation, including by not implementing its Atitatial Protocol, the Agency is unable to provide
credible assurance about the absence of undeciadelar material and activities in Iran, and therefto
conclude that all nuclear material in Iran is irapeful activities.”Implementation of the NPT Safeguards
Agreement and relevant provisions of Security Cwesolutions in the Islamic Republic of Iran
GOV/2011/29, May 24, 2011, p.9.
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“effective safeguards” in the sense defined byl&teA and the NPT are
literally infeasible.?®

To take an extreme case, imagine that a countrg masnber of HEU metal spheres
under safeguards. Though years might go by wineréXEA verified that no diversion
had taken place, no safeguards arrangement cagddist country from suddenly taking
these metal spheres, placing them into nuclear eeagnd using these weapons. This
whole process could take place in a matter of hdargoo short a time for a timely
warning. Indeed in this case, a nuclear explosiohthe IAEA raising the alarm, would
be the indicator that these HEU metal spheres netenger under safeguards. Though
this example might seem far fetched, in fact Ithdy,many years, had a research reactor
(Tapiro) which utilized about 24 kilograms of HEWa cylindrical metallic fornt?

So where should the boundary line be? The IAEAammarently accepted that Iran can
produce 19.7% enriched uranium. As | calculatemyabonce Iran has accumulated a
stockpile of about 160 kilograms of such matertatpuld produce 20 kilograms of HEU
in less than two weeks. It is hard to imagine thath short time interval would provide
timely warning. And this assumes that the IAEA Wbsound the alarm as soon as Iran
started producing HEU. But if Iran continued tegehe HEU under safeguards would
the IAEA in fact sound the alarm? After all, varsocountries including non-nuclear
weapon states have research reactors that utité™¥ If Iran said that it wanted to
build such a research reactor and did not rema&ithU from safeguards, it is not at all
clear that the IAEA would object. Yet at any titn@n could suddenly remove the HEU
from safeguards and convert it into metal sphengalde for use in nuclear weapons.
This process could occur in less than one weeklwisitar too short a time to provide
timely warning.

It is well past time for the IAEA to explicitly defe the boundary lines between materials
and technologies that are too close to nuclear area be effectively safeguarded (in
the sense that timely warning cannot be provided)those materials and technologies
that can be effectively safeguarded. It could welthat any centrifuge enrichment plant
with a significant enrichment output, when combimath stocks of low enriched

uranium would fall into the former category and mateerently unsafeguardable. Since
sizable centrifuge enrichment facilities are lodatemany countries (such as Brazil and
Japan), this conclusion would have serious impboatoutside of Iran.

Henry Sokolski has raised the same issues and ensigdeilar recommendation:

“8 Albert Wohlstetter, Gregory Jones, Roberta WoltlsteHenry S. Rowen, “SummaryTpwards a New
Consensus on Nuclear Technolpywlume I, PH-78-04-832-33, Pan Heuristics, Preddor U.S. Arms
Control and Disarmament Agency, July 6, 1979, iup://www.npolicy.org/files/19790706-
TowardsANewConsensus-Vol01.pdf

“9 Albert Wohlstetter, Thomas A. Brown, Gregory Jqri2avid C. McGarvey, Henry Rowen, Vince
Taylor, and Roberta Wohlstett&words from Plowsharefniversity of Chicago Press, Chicago, 1979,
p.153.

Y Alan J. Kuperman, “Global Phase-Out of Bomb-Graldenium,” Presentation at the American
Assaociation for the Advancement of Science (AAA&gshington, DC, May 9, 2011,
http://blogs.utexas.edu/nppp/files/2011/05/L BJ-RAREJ-2011-May-DC.pdf
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“Distinguish between what can be effectively safeguarded, and what
can, at best, only be monitored. [Emphasis in original]

Currently, the IAEA is unable to provide timely warg of diversions
from nuclear fuel-making plants (enrichment, repssing, and fuel
processing plants) utilizing nuclear materials diseusable to make
bombs....The IAEA has yet to concede these poin&doyitting that
although it can monitor these dangerous nuclearites, it cannot
actually do so in a manner that can assinnely detectiorof a possible
military diversion—the key to an inspection procexlbeing a safeguard
against military diversions>* [Emphasis in original]

A related issue is how short must the time to pceddEU become before a country
effectively does have nuclear weapons? As | wnatle my colleagues Albert and
Roberta Wohlstetter in 1979:

“If in fact, technological transfers can bring asfmuclear weapon state”
within weeks, days or even hours of the abilityise a nuclear explosive,
in the operational sense that “nonnuclear weapate swill have nuclear
weapons. The point is even more fundamental thareict that effective
safeguards mean timely warning. A necessary condior having timely
warning is that there be a substantial elapsed tighé if there is no
substantial elapsed time before a government mayuslear weapons, in
effect it haghem. [Emphasis in original]

The point may be driven home if we recall that 847, for example, the
United States stored its plutonium weapons in desabled form.
Moreover, since the design was quite primitive aseld much more
inconvenient components than are commercially alkgltoday, the
process of putting the weapon together took mamyso[e.g. several
days? In fact, it took a longer time than would be deé today by a well
prepared government laboratory to make highly cotmaeed fissile
material ready for insertion in a nonnuclear asdgifdo compressing it
rapidly. The United States did have nuclear weapoeri947. And if the
rules are relaxed enough, so can nonnuclear westptes today>

1 Henry Sokolski, “Assessing the IAEA’s Ability toevify the NPT,”Falling Behind: International
Scrutiny of the Peaceful Atgi8trategic Studies Institute, U.S. Army War Colle@arlisle, PA, February
2008, pp.7-8.

2 Albert Wohlstetter, “Spreading The Bomb Withouti@WBreaking The RulesForeign Policy No. 25
Winter 1976-77, p.48.

%3 Albert Wohlstetter, Gregory Jones, Roberta Woltlste“Why the Rules Have Needed Changing”,
Towards a New Consensus on Nuclear Technolglme |, PH-78-04-832-33, Pan Heuristics, Pregar
for U.S. Arms Control and Disarmament Agency, Jult979, pp.36-37.
http://www.npolicy.org/files/19790706-TowardsANew@ensus-Vol01.pdf
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Now, 32 years later, little has changed. Theresaree who take comfort in the fact that
thus far the IAEA has never reported that Irandiasrted material from safeguards.
However, unless the IAEA makes clear that some maddeand technologies cannot be
effectively safeguarded, under the current rules tan move ever closer to a nuclear
weapons capability without needing to divert anyaral from safeguards until it is far
too late.

Even if the IAEA were to sound the alarm, then Wwhathough there is often talk of swift
action being taken to stop Iran from obtaining paclweapons, that has not been the case
up to now. After all, the IAEA has already repdrtepeated violations of Iran’s
safeguards agreement, including activities thatatd the development of nuclear
weapons but thus far all that has been done ighikdt/N Security Council has passed

five resolutions which in part have called for Itarstop its uranium enrichment effort.
Iran’s rising enriched uranium production, showTable 1, demonstrates how

ineffective these resolutions have been.

The ultimate response to an IAEA alarm would beeasort of military action but this is
rather unlikely. Israel, which has struck bothgl{an 1981) and Syria (in 2007) to disable
nuclear reactors involved in efforts to produceftegile material for nuclear weapons, is
considered to be the most likely candidate for saction. Ironically, however, Israel’s
strike on Syria in 2007 illustrates that it is Wely to strike Iran. As its actions against
Syria showed, if Israel perceives a threat, iikisly to strike quickly, without any
preliminaries such as appeals to the internaticommunity. Iran restarted its centrifuge
enrichment program in 2006, yet over five yearsrldsrael has taken no action. By this
inaction Israel appears to have decided that Iregrdgrifuge enrichment program is either
too far away or too well dispersed or protectetdaffectively struck.

Though many who commented on my June 2, 2011, pajstakenly believed that | was
calling for an immediate invasion of Iran, suchagion is, in fact, an obvious
nonstarter. After ten years of war in Afghanistem Iraq, the U.S. is too war-weary and
financially exhausted to consider such an actispeeially since Iran is much larger and
more populous than either Iraq or Afghanistan. Ut®. could try to undertake limited
strikes against Iran’s centrifuge enrichment pragrhut isolated strikes would only
delay the program and drive it further undergroufuhly a sustained campaign would
likely be able to stop Iran’s centrifuge programt this could easily lead to an unwanted
long-term war with Iran. Therefore, the U.S. doesseem to have any realistic military
options for eliminating Iran’s centrifuge enrichnhi@nogram.

At any rate, under the present circumstances,gs ot seem as though the IAEA is
going to raise any specific alarm about Iran’s garge enrichment program. Rather,
Iran will keep its enrichment program under IAEAegauards and simply keep reducing
the time required for it to produce HEU by contimyito expand its centrifuge
enrichment capacity and by enlarging its stockpite3.5% and 19.7% enriched uranium.
As my calculations above have shown, Iran can atlgr@roduce a weapon’s worth of
HEU in about two months. This is already probdbty short a time for the IAEA to
provide timely warning and as this time drops friomo months to a few weeks over the
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next year or two, the world will have to start tieg Iran as a de facto nuclear weapon
state.

How Long Will It Take for Iran to Produce the Non-Nuclear Components for a
Nuclear Weapon?

Any effort to obtain nuclear weapons must condistvo parts: (1) the production of the
fissile material (HEU or plutonium) needed for theapon; and (2) the manufacture of
the high explosive components needed to detonated¢apon. For all prior nuclear
weapon programs, the production of the fissile matbas been by far the most difficult,
most time consuming and most expensive part oétiteavor?

However, some U.S. government officials have maakeents that run counter to this
historical experience. They have contended thaevitan might be able to produce the
HEU required for a nuclear weapon, it could talen la number of years to produce the
non-nuclear components for a nuclear weapon. Il 2010 General James Cartwright,
Chairman of the Joint Chiefs of Staff offered atreme example of this view. In
congressional hearings, he said that even if Irarewo already have the HEU necessary
to produce a nuclear weapon, it would take Irang&tto five years” to be able to
produce a nuclear explosive deviéeSurprisingly, Cartwright called this “an histaalc
estimate” based on other countries’ experienceasgihde did not specify which
countries he had in mind. Unfortunately, a lookhat historical experience of the U.S.
along with information provided by the IAEA showsa@vright’s statement to fall into
the category of a pleasant self-deception thatdississed above.

For most nuclear weapons, the HEU is detonatedyusmimplosion method. The HEU
is surrounded by explosives and when they arefseghe HEU is compressed to a
supercritical mass which then produces a nuclealosion. As | have written elsewhere,
the U.S. was able to develop implosion-type nuclezaipons in only eleven months
during 1944-1948° Though today Iran would not have the talent asburces available
to the Manhattan Project, it would be starting frafar better position than the U.S. did.
In 1944, no one knew whether or how the implosi@ihad could work. Today it is not
only well known that such weapons work but alsodhae descriptions of such weapons
and pictures showing their general constructioddifionally, knowledge of explosives
as well as computing power are far superior totlay they were 67 years ago when the
U.S. undertook this effort.

Further, Iran would not be starting from scratéttcording to the 2007 National
Intelligence Estimate (NIE), Iran was developinglear weapons until the fall of 2083.

> |bid., p53.

% Hearing of the Senate Armed Services Committebje8tt U.S. Policy towards the Islamic Republic of
Iran, April 14, 2010.

5 Gregory S. Jones, “When Could Iran Have the Bomin?Analysis of Recent Statements That Iran is 3
to 5 Years Away”, April 26, 2010,
http://www.npolicy.org/article.php?aid=94&rt=&keyx€9ory%20S.%20Jones&sec=atrticle

" National Intelligence Estimate, “Iran: Nucleardntions and Capabilities,” National Intelligence
Council, November 2007, p.Bttp://www.dni.gov/press_releases/20071203 _relpdse.
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In addition, Iran may have received warhead dedggails from either Pakistan or North
Korea. Since Pakistan is thought to already havialde missile warhead design
(believed to have been provided by the Chinese)) aid would be particularly useful to
Iran. Supporting this view is an internal IAEA dmaeent from 2009 which said:

“The Agency further assesses that Iran has sufiicirdormation to be
able to design and produce a workable implosioteanclevice based
upon HEU as the fission fuel. The necessary in&tion was most likely
obtained from external sources and probably matliby Iran. The
Agency believes that non-nuclear experiments caedua Iran would
give confidence that the implosion system woulcfion correctly>®

Further in June 2011, Yukiya Amano, the directaregal of the IAEA said that the
agency had received “further information relategassible past or current undisclosed
nuclear-related activities that seem to point iodkistence of possible military
dimensions to Iran’s nuclear prograii.’He went on the say “The activities in Iran
related to the possible military dimension seerhaee been continued until quite
recently.”

It is also important to clear up a mistaken bakgfarding how nuclear weapons are
developed. A number of sources seem to beliewdrdmawould have to develop a
nuclear weapon sequentially, first producing theJ=ad only then being able to
develop the non-nuclear weapon components. Bsiigha fundamental
misunderstanding of how nuclear weapons are degdlopphe production of the fissile
material for a nuclear weapon and the productia®ion-nuclear components needed
to detonate the fissile material can be carriedroparallel. This essential fact has been
known since the beginning of the nuclear era.

One of the clearest statements of how nuclear wesage developed can be found in the
official British history of its nuclear weapons gram. In a memo dated November 1,
1946, William Penney who was to lead the Britistorf outlined how the task could be
accomplished. According to the British history:

“He said that the manufacture of an atomic bompresent design fell
naturally into two parts: firstly the production thle active material and
secondly the ordnance part, that is, the manufa@nd assembly of the
components causing the explosion of the active ma&terhe second part
of the work could be begun and completed withoatrtbed to use fissile
material at any stag&”

8 “Excerpts from Internal IAEA Document on Allegeghian Nuclear Weaponization,” Institute for
Science and International Security, October, 29200
http://www.isisnhucleariran.org/assets/pdf/IAEA_inBDctober2009.pdf

> Fredrik Dahl and Sylvia Westfall, “New data suggdsan military link-U.N. atom chief,Reuters June
6, 2011.

% At the time the memo was so highly classified fanney had to type it himself. See: Margaret @gi
assisted by Lorna Arnoldindependence and Deterrence: Britain and Atomicrgnel945-1952Volume

I, Policy Making, St. Martin’s Press, New York, ¥97%.180.
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Therefore, the eleven months that it took the th$levelop an implosion nuclear
weapon in World War Il should be considered an ujpoend of the time it would take
Iran to develop such a weapon if it were to detidendertake an all-out effort. The
actual time could be considerably less especitishat the IAEA says is true and Iran
not only already has enough information to design@ear weapon but also is
continuing to work on the development of nucleaapans. Just as Iran’s continuing
enrichment efforts are reducing the time requidadtfto produce HEU should it decide
to do so, its weaponization work is reducing tineetineeded for it to produce the non-
nuclear components for a nuclear weapon. Irarveldement of the non-nuclear
components for its nuclear weapons need not waltdao to first produce HEU but
rather Iran can, and probably is, developing tlegenuclear components now.

Does Iran Even Have a Nuclear Weapons Program?

Some, including former head of the IAEA Mohamed &tilei have expressed doubts
that Iran has any nuclear weapons program &t aiit the extreme some hold the view
that Iran is simply exercising its right to utilipeaceful nuclear energy. But while
elements of Iran’s nuclear program have been us#tkeipeaceful nuclear programs of
other countries, in the overall context of Iraniglear program, it is difficult to consider
Iran’s nuclear program as being a simple exerdiggeaceful nuclear energy.

Take, for example, Iran’s production of 3.5% enedluranium. Certainly other
countries have produced such enriched uranium sed i1 as fuel for light water nuclear
power reactors (this type of nuclear power reasttihe most common type used today).
However, there are two problems with seeing Iranisent effort as being intended for
the production of power reactor fuel. First, llehrichment capacity is not close to
being large enough to fuel a nuclear power readran would have to have an
enrichment capacity of between 10 and 30 timestgréiaan it currently has to be able to
supply fuel for even one nuclear power reactorco8d, Iran has no nuclear power
reactors for which it needs to supply fuel. Iras fust started a nuclear power reactor at
Bushehr but this reactor was supplied by the Rassaad part of Iran’s contract with
Russia requires all of the fuel for the reactopeécsupplied by Russia. Without any
reactor requiring 3.5% enriched uranium, Iran ms@y stockpiling this material, which
as was shown above, can be used to quickly pratheced EU required for a nuclear
weapon.

Not only is Iran pursuing centrifuge enrichment géhcould easily be used to produce
the HEU needed for a nuclear weapon, but it haskeen building what Iran has termed
a research reactor (the IR-40). This reactor, whiges natural uranium fuel and a heavy
water moderator, is an ideal plutonium productieactor. Indeed, reactors of this type
have supported nuclear weapons efforts in Isradla) Pakistan and Taiwan. Further, in
2003, Ghalamreza Aghazadeh, the head of the AtBmecgy Organization of Iran, made
statements implying that he viewed the centrifuggcement effort and the building of

1 Seymour M. Hersh, “lIRAN AND THE BOMB; Annals of anal Security”, The New YorkeNol.87,
No.16, June 6, 2011
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the research reactor as parallel efforts and itim@®rtant that one of them succé@d.
Such a view would only make sense if these undeigakvere part of a nuclear weapons
effort, where they would be parallel sources difesmaterial (either HEU or

plutonium).

Iran has also taken various actions designed temadnitoring of its nuclear program
by the IAEA more difficult and in some cases Iras ltlearly violated its IAEA
safeguards agreement. Albright has documenteé thsses in detaif Here are the
highlights.

Prior to 2003, Iran conducted secret centrifugaiura enrichment that was a clear
violation of Iran’s safeguards agreement with tREA. In an attempt to hide one
facility where this activity had taken place, Idameled it, hauled away the rubble,
scraped the dirt away and then built a recreatitawlity on top of it.

As was discussed above, despite agreeing to enitariéé&A safeguards in 2003 by
implementing the Additional Protocol and the maelifiCode 3.1, in 2006 and 2007, Iran
suddenly stopped the IAEA from enforcing thesegaftits safeguards agreement.
According to the IAEA, Iran is not permitted to nealtnilateral changes to its safeguards
agreement.

In 2009 Iran was forced to reveal that it was hiogda clandestine centrifuge enrichment

facility at Qom. The size of this facility (roughB,000 centrifuges) is close to the size

that would allow Iran to produce about one nucleeapon’s worth of enriched uranium
4

per yeaf’

Iran has continued to defy repeated UN Securityr€buesolutions. These resolutions
have called for Iran to suspend all enrichmentteelactivities and without delay fully
and without qualification comply with the modifi€bde 3.1 as well as promptly ratify
the Additional Protocol.

Some who hold the view that Iran does not havecteau weapons program have
attached much significance to statements thatHeanyet to formally decide to produce
nuclear weapons. Such statements were made @athepart of 2011 as part of the
discussion about the new NIE. For example thedboreof National Intelligence, James
Clapper made a clear statement to this effectsrnigstimony to Congre$3. Clapper

went on to say that by pursuing centrifuge enrichitmiean was “keeping open the option
to develop nuclear weapons.”

%2 David Albright,Peddling Peri| Free Press, New York, 2010, pp.192-193.

%3 bid., in particular chapter nine and David Albright alatqueline Shire, “Misconceptions about Iran’s
Nuclear Program,” July 8, 2008ttp://www.isisnucleariran.org/static/297/

®|f they have the same separative capacity asdraurrent centrifuges (0.89 SWU per year), thef®,0
centrifuges could produce 20 kilograms of HEU io@thl5 months.

% Mark Hosenball, “U.S. Intelligence: Iran leadezspened nuke debatdeuters February 17, 2011.
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That Iran’s leadership has not yet issued a speaitier for a nuclear weapon to be
produced could well be true. However, Clappertose statement that Iran was
“keeping open the option” is a dangerous undenstate. As has been discussed above,
Iran is doing more than just keeping open the optisomething that implies a static
situation. Iran has been steadily drawing closex huclear weapons capability by
continually reducing the amount of time that it wbtake to produce HEU, continuing
work related to the actual manufacture of nucleaapons, and conducting secret
ballistic missile tests that could be used to dgvel nuclear weapons delivery capability.

While Iran’s steady movement towards a nuclear wegagapability is bad enough, what
is even worse is that this movement makes it irstnggy likely that Iran will then decide
to actually produce a nuclear weapon. As was dsadiabove, the IAEA has not clearly
stated what activities might be benign and whatiiets can not be effectively
safeguarded, creating the ambiguity (however slihfat Iran’s actions might have some
peaceful purpose. | examined this issue in dbtaik in 1979 with my colleagues Albert
and Roberta Wohlstetter:

“The ambiguities, however, can function in manyetiént ways in
various governments to make the decision for a weatimately more
likely. In some governments, political leaders létely to find such a
decision easier if they can inch toward such alsdiparather than try to
reach it in one leap.”

An examination of the history of decisions on naclenergy in a good
many countries confirms that preservation of amibygas to the civilian
or military applications for a program matters aajrdeal. It makes it
possible to drift into a military program withoutaking a positive
decision until very late... In particular, the legifate acquisition of large
guantities of highly concentrated fissile matehiat facilitated the
decision to make bombs in the pafEmphasis in original]

Three of the last four countries to make and tastaar explosives—that
is, the three in which the evidence is public—Theted Kingdom,
France, and India—decided to produce and sepal&tpum well before
they overtly decided on a nuclear explosives pmogrdhe decision to get
plutonium carried these governments along moste@path toward a
bomb, but left it ambiguous as to just where thida paould end. The
ambiguity may, at the early stages, have reflestede uncertainties and
indecision in the governments themselves, or it,nmathe later stages in
particular, have been ambiguous only so far aptitic is concerned®®

% Albert Wohlstetter, Gregory Jones, Roberta Woltlste“Why the Rules Have Needed Changing”,
Towards a New Consensus on Nuclear Technolglme |, PH-78-04-832-33, Pan Heuristics, Pregar
for U.S. Arms Control and Disarmament Agency, Jul{979, p.80-81.
http://www.npolicy.org/files/19790706-TowardsANew@ensus-Vol01.pdf
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Another country that fell into this category waszN&ermany. Hitler never issued any
directive for a nuclear weapon to be produced listdoes not mean that nuclear
developments in Nazi Germany were benign. ObwvigulkE efforts to produce large
amounts of heavy water in Norway were part of anter effort to produce plutonium
for nuclear weapons.

Though Iran has yet to actually produce HEU, drawing ever closer. Iran has
probably already reached the point where the IABA ot effectively (in the sense of
being able to provide timely warning) safeguarsh’sacentrifuge enrichment facilities
and its stocks of 3.5% and 19.7% enriched uranidsilran draws closer to a nuclear
weapons capability, it becomes increasingly likdlgt Iran will move the last remaining
distance and actually acquire nuclear weapons.

A related view attributed to the U.S. Defense ligehce Agency (DIA) by Hersh is that
Iran’s nuclear weapons effort before 2003 was moed at the West but rather at Iraq
and therefore Iran no longer has a need for a augleapons prografd. There are two
problems with this view.

First, it should be remembered that the ManhattareEt was aimed at Nazi Germany’s
nuclear weapons effort, not at Japan. But thisdatthe people of Hiroshima and
Nagasaki very little good. Second, this view doesexplain why Iran has renewed it
centrifuge enrichment effort since 2006. As hasnbdiscussed above, it is very hard to
see the current nuclear developments in Iran agjhevhen Iran is moving ever closer to
a nuclear weapons capability by significantly andopsefully shortening the time that
would be required for it to acquire nuclear weapons

Others hold the view that the current concern abrantis simply a repeat of the
mistaken claims about Iraq in 2002. Since intelige estimates were wrong then, why
should we be concerned now? This view fails tarysiish the key difference between
the two cases. In 2002 the U.S. had very littferimation about Iraq’s WMD programs.
The current situation with Iran is quite differerithe IAEA’s inspections provide hard
information about Iran’s centrifuge enrichment daifity, and the size of Iran’s enriched
uranium stockpiles. When Iran was allowing the M6 implement the Additional
Protocol, the IAEA found clear evidence of nucle@aponization as well. For decades
experts have long recognized that centrifuge enreit poses a serious nonproliferation
risk. As was discussed above, | wrote about timgeias of centrifuge enrichment over 32
years ago, long before there was any concern dtans nuclear program.

Retired DIA analyst W. Patrick Lang has expressedrant of the view that the current
concerns about Iran are overblown as were conedrogt Iraq in 2002. Lang claims that
in 2002 intelligence analysts were subjected tmfermous pressure” to find that Iraq had
WMD but that in the case of Iran they are refugimgign up this timé&® The problem

with this view is that the 2002 intelligence fagunas been examined in detail by a

87 Seymour M. Hersh, “IRAN AND THE BOMB; Annals of Manal Security”, The New Yorkei/0l.87,
No.16, June 6, 2011.
% |bid.
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commission of distinguished intelligence exp&ftsTthe commission found no evidence
that intelligence analysts were pressured by polaikers to produce a specific outcome
and the analysts themselves stated that theredwadrio political pressure to cause them
to skew their judgmentd. Rather the commission faulted the analysts themsesaying
that their mistaken judgments in 2002,

“...were the product of poor intelligence collecti@m analytical process
that was driven by assumptions and inferencesréthe data, inadequate
validation and vetting of dubious intelligence sms, and numerous other
breakdowns in the various processes that Intelige€Community
professionals collectively describe as intelligeficdecraft.” In many
ways, 7t|1’le Intelligence Community simply did nottte job that it exists

to do.”

It is understandable that intelligence analystsld/@ant to try to rewrite this sorry
history but regarding Iran, it appears that theyjast trading one mistake for another.
Concerns about Iran are not based on dubious sosooh as “Curveball” but rather the
hard evidence provided by IAEA inspections.

The bottom line is the Iran does indeed have agaualeapons program. Its expanding
centrifuge enrichment capacity, and stockpiles.b#3and 19.7% enriched uranium as
well as its likely continuing research on the nartlear components of nuclear weapons
is moving Iran ever closer to a nuclear weaponslgiify. Though Iran’s leadership

may have not yet have specifically decided to dgvaluclear weapons, the U.K., France,
India and Nazi Germany all had nuclear weaponsrprog before their governments
decided to produce nuclear weapons. The U.K.,dérand India all went on to make
such a decision and have actually produced nueleapons. This underscores the point
that as Iran’s efforts move it closer and closea tauclear weapons capability, it is
increasingly likely that Iran will make the decisito produce nuclear weapons.

When Might Iran Actually Acquire Nuclear Weapons and Why Should We Care?

It is important to distinguish between the wordsuidl” and “will.” As was shown
above, Iran using its existing centrifuges at te® s well as its stockpiles of 3.5% and
19.7% enriched uraniurcould produce the HEU required for a nuclear weaporboua
two monthsgf it decided to start the process today. Furtlmés,ttime interval is shrinking
as Iran continues to expand its enrichment capaaitijenlarge its stockpiles of enriched
uranium. The amount of time required for Iran todquce HEU is important, since it
determines the adequacy of IAEA safeguards andhehéltey can provide “timely
warning.” It is also important since the shortes time interval, the more likely it is that
Iran will make the decision to take the final séey actually produce nuclear weapons.

%9 “The Commission on the Intelligence Capabilitiéshe United States Regarding Weapons of Mass
Destruction,” Report to the President of the Unistdtes, March 31, 2005,
http://govinfo.library.unt.edu/wmd/report/wmd_reppdf

“lbid., p.11.

"bid., p.47.
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However, this does not mean the lvaill actually produce nuclear weapons in just two
months. This distinction was lost on many who cantad on my June 2, 2011 paper
and mistakenly believed that | was saying that Wwanld have nuclear weapons in
August of 2011.

When might Iran actually acquire nuclear weapoig® answer to this question must of
necessity be more speculative than the other prod this paper and depends in part on
what is exactly meant by “acquire nuclear weaponsis most likely that Iran’s
acquisition of nuclear weapons might play out sloluit inexorably in a manner similar
to that of Pakistan. It is instructive to revidwethistory of Pakistan’s acquisition of
nuclear weapons.

In 1983, Pakistan began to enrich uranium usingrifeges. At the time, Pakistan
pledged to the U.S. that it would not produce amanium with an enrichment greater
than 5%. By 1987 Pakistan had broken this pledgepaoduced HEU. In 1985, the U.S.
Congress had passed the Pressler Amendment whiditiooed U.S. aid to Pakistan on
the U.S. president certifying that Pakistan didt“possess a nuclear explosive device.”
From 1987 through 1989, Presidents Reagan and &ugmued to provide the
certification but in 1990 President Bush could niot.1991 Pakistan’s Prime Minister
Sharif froze Pakistan’s production of HEU but cantd the production of LEU. In 1998
Pakistan tested two nuclear devices in responsadiear tests in India.

After these nuclear tests, Pakistan began to isergatocks of HEU and plutonium
needed for nuclear weapons. Pakistan resumedbitisigtion of HEU and by using its
stocks of LEU, it was able to quickly produce sfmgaint quantities of HEU. Indeed the
process of stockpiling LEU and then convertingitHfEU produced the same amount of
HEU as if Pakistan had continued to produce HEOubhout the 1990s. Also in 1998
Pakistan started the operation of the Khushab-thwisia plutonium production reactor.
Throughout the last decade Pakistan is believédte expanded its production of HEU
and started a second plutonium production reaaar the beginning of 2010. A third
plutonium production reactor may start operatias ylear. Currently Pakistan is
believed to have an arsenal of about 100 weapahaesording to a recent report:
“Despite its political instability, Pakistan conti@s to steadily expand its nuclear
capabilities and competencies; in fact, it hasnbdd’s fastest-growing nuclear
stockpile.”?

A key difference between Pakistan’s situation m 1980s and 90s and that of Iran today
is that Iran’s main nuclear program is under IAE4eguards. But this fact makes less of
a difference than one might think. Even if Iraand to use its stockpiles of 3.5% and
19.7% enriched uranium as well as the centrifugéiseaFEP to produce HEU for nuclear
weapons, Iran need not violate its safeguards sii@stually wants to test or use a
nuclear weapon.

2 Hans M. Kristensen and Robert S. Norris, “Pakistanclear forces, 2011Bulletin of the Atomic
ScientistsVol. 67, No. 4, 2011, p 91.
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As was discussed above, Iran is steadily movingezlto a nuclear weapons capability
without needing to provoke a crisis with the Welstiis continuing to expand its
centrifuge enrichment capacity and increase theuatnaf 3.5% enriched uranium it
produces each month. By the beginning of next iemitl be in a position to quickly
produce the HEU for not just one but two nucleaapans. At the same time, it has
already taken the first step to convert the 3.5%ckad uranium into HEU by converting
the 3.5% enriched uranium into 19.7% enriched wranvith the approval of the IAEA.
Though its current rate of 19.7% enriched uraniwadpction is fairly low, in June 2011,
Iran announced plans to triple its production @ #mriched uranium.

Over the next few years, Iran may also try to keebing at the boundary line between
what is acceptable and what is not. It may ewetotstart producing at least limited
guantities of HEU, again claiming that such matesimeeded for peaceful research. At
any rate, Iran will be able to shorten the timeursg for it to produce the 20 kilograms
of HEU needed to produce a nuclear weapon froncahent two months to only a week
or two. At the same time, Iran will accumulate egio enriched uranium stocks to be
able to quickly produce between two and five weapamd it could finish the production
of the non-nuclear weapons components. At thistpwihich will likely occur sometime
between 2012 and 2015, Iran will certainly be dat$o nuclear weapon state, even
though it will not have officially violated IAEA $aguards or detonated a nuclear
weapon.

Nor must Iran necessatrily rely on its safeguardetdear program to produce HEU. As
was discussed above, Iran could be building orccbalve already built a clandestine
centrifuge enrichment plant that processes natueadium into HEU. Such a plant could
already be in operation and perhaps has alreadiupea enough HEU for a nuclear
weapon. All Iran would need to do is finish thegwuction of the non-nuclear weapon
components to have a complete nuclear weaponightrtake Iran only a few months to
do so, once it decided to make a concerted weagtoizeffort. Even then Iran may not
become an overt nuclear weapon state. RatherPhkéstan, between the years 1990 and
1998, Iran might possess nuclear weapons but awh @n overt nuclear weapons status.

One might ask why it seems inevitable that Irarnt @btain nuclear weapons if Iran might
not possess such weapons for several months orsevenal years. The reason is that
Iran has already managed to sufficiently shortertithe it needs to obtain a nuclear
weapon so that if Iran were to be confronted witbrgy Western pressure to stop its push
for nuclear weapons, it would most likely dash aheeobtain a nuclear weapon rather
than comply with Western demands. This is in gjroontrast to Libya’s position in

2003, when it efforts to obtain nuclear weaponsevekscovered by the West. Since
Libya was still many years away from a nuclear veeespcapability, it had no choice but
to give up its effort.

Why then should we be concerned about Iran actoéligining nuclear weapons? Some
hold the view that since the U.S. can deter Iramfusing nuclear weapons, there is not
much of a problem even if Iran were to obtain alsmaclear arsenal. Again, Pakistan’s
behavior as a nuclear state provides valuablehhgnpo the reasons to be concerned by
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Iran’s acquisition of nuclear weapons. When Pakisirst exploded nuclear weapons in
1998, there were some who believed that since Imasanuclear weapons as well, it
would not be that difficult for the two countries maintain a stable deterrence and
therefore Pakistan’s nuclear weapons would potte fiireat to the peace and stability of
the world. In the intervening 13 years it has Imee@pparent that the stability of
deterrence between India and Pakistan was notrtiiem but there were two other
issues instead.

First, and by far the biggest worry regarding Paki's nuclear weapon program relates
to whether Pakistan can keep control of these weap®dhere are two types of loss of
control, involuntary and voluntary.

Regarding involuntary loss of control, Pakistan been racked by growing political
instability and the term “failed-state” is increagiy being applied to Pakistan. The
country has sold centrifuge enrichment technolaglyan, North Korea and Libya. The
Pakistani government claims that it had no ideagshkes of this key nuclear technology
were taking place even though they occurred owesfan of many years. Similarly, it
claims to have had no idea that Osama bin Laderruvasng Al Qaeda from deep inside
Pakistan for the past six years. Of further come¢gthe rise of radical Islam in Pakistan.
One recent demonstration of this was the assagsinatthe Governor of Punjab,
Salman Taseer, for opposing Pakistan’s archaipb&my law. The assassin was
Taseer’s own security guard. Tens of thousand&agistanis have demonstrated in
support of the assassin.

Regarding voluntary loss of control, there is imsiag skepticism that Pakistan was
totally ignorant of the sales of centrifuge enrigmntechnology and of Osama bin
Laden’s presence in Pakistan. There is a growaligfithat at least some high-level
military and/or government officials were eithevaitved in these transactions or were
induced to “look the other way.” This view hasrgad strength as it has become clear
that U.S.-supplied intelligence to Pakistan hashesed to alert and protect elements of
the Taliban who are using Pakistan as a baseltArkiérican soldiers in Afghanistdf.
Given Pakistan’s conduct in these matters, it nodas-fetched to suppose that Pakistan,
which already has about 100 nuclear weapons, gallédome nuclear weapon
components or even one or two nuclear weapons

In contrast to Pakistan, there is no need to waitHe rise of radical Islam in Iran, as it is
already there. So is political unrest, which hmalved not only the pro-democracy
movement but also infighting among the politicales. In such a situation, it is not
inconceivable that Iran might involuntarily losent@l of it nuclear weapons.

Also in contrast to Pakistan, ideology rather thamney is a far more likely reason that
Iran might relinquish control of some of its nucl@aeapons. Iran has already stated that
Israel needs to be removed from the map. Hamashmat hesitate if it were given the

3 Eric Schmittt and Mark Mazzetti, “Pakistan Arre€ts.A. Informants in Bin Laden RaidThe New York
Times June 14, 2011.
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opportunity to attack Israel with nuclear weapoAssingle nuclear weapon smuggled
into Tel Aviv and exploded could have a devastaéffgct on the entire country.

The second concern about Pakistan’s nuclear wegpogsam is that Pakistan feels that
its weapons provide it with a shield so that it canduct provocative attacks on India.
This is contrary to the original view that nucleaapons in South Asia would be
stabilizing’* As long as the attacks are not too outrageodsa kran be deterred from
striking back by the fear that the resulting waghtiescalate into nuclear combat. The
1999 attacks in Kargil, the 2002 attack on thedndrarliament, and the 2008 attack on
Mumbai are the most obvious examples.

Nuclear-armed North Korea has conducted similavqeative attacks on South Korea.
In March 2010, North Korea torpedoed and sank th&lSKorea frigate Cheonan and in
November 2010 it shelled the inhabited South Koiekmd of Yeonpyeong.

A nuclear-armed Iran could similarly conduct vagqarovocative attacks in the Middle-
East. Recent unrest in Bahrain could be a promisirget for Iran since it could play on
the disaffection that Bahrain’s Shia majority hasifs Sunni dominated government.
Even Saudi Arabia could be a target as there ane $0 that country who would like to
emulate the democratic uprisings occurring in ofkrab countries. Destabilizing Saudi
Arabia could also be a means of striking at the. \&iice even if Iran’s effort were
unsuccessful, the unrest would likely drive uppoites, causing significant economic
impact in the West.

" That nuclear weapons might exacerbate instalgitithe lower end of the conflict spectrum in SoMsia
was suggested as long ago as 1997. See: Ashlelid, “Stability in South Asia,” RAND, 1997, p.32
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A SUMMARY OF THE KEY POINTS

By using batch recycling at the FEP and usingutsent stockpiles of 3.5% and 19.7%
enriched uranium, Iran could produce the 20 kilaggaf HEU required for a nuclear
weapon in about two months from the time it decittedroceed. This is a dramatic
reduction in the time that would have been requinelg a few years ago, as in the early
part of 2008, the time required would have beentwiour years. The time could shrink
to a few weeks over the next few years as Iranitoes to expand its centrifuge
enrichment capacity and its stockpile of 19.7%a@red uranium. By the beginning of
next year, Iran’s stockpile of 3.5% enriched uramiill have grown large enough that
Iran will be able to produce a second batch of ifijkams of HEU about two and one
half months after its first 20 kilogram batch of HE

The purpose of IAEA safeguards is only to provitmeély warning.” Since Iran has
stopped compliance with the Additional Protocolhedl as the modified Code 3.1, the
IAEA has stated that it cannot “provide crediblewaance” that Iran does not have a
clandestine centrifuge enrichment plant which cdédgroducing HEU for nuclear
weapons even now.

The IAEA has not been willing to admit to the sesness of the threat posed by Iran’s
centrifuge facilities and enriched uranium stooépilhat are under safeguards. As Iran
has shrunk the time required for it to produce Hi\batch recycling at the FEP, the
point has probably already been reached whereMBA kan no longer provide “timely
warning” and therefore these facilities and materan no longer be effectively
safeguarded. This is an issue that applies treallrifuge enrichment facilities of
significant capacity, not only those in Iran. Wsdehis problem is addressed, Iran will be
able to move closer and closer to a nuclear weagapability until it essentially has
nuclear weapons. All the while, Iran would not ehé@ divert any material from
safeguards until it was far too late for any cotatgon to be taken.

If the IAEA were to sound the alarm about Iran’€lear program, the ultimate response
would be some sort of military action, but militaagtion is rather unlikely. Ironically,
Israel’s strike on Syria in 2007 illustrates thatriobably will not strike Iran. After ten
years of war in Afghanistan and Iraq, the U.Soswar-weary and financially exhausted
to consider an invasion of Iran. The U.S. cowddrundertake limited strikes against
Iran’s centrifuge enrichment program but isolat&tkas would only delay the program
and drive it further underground. Only a sustaioashpaign would likely be able to stop
Iran’s centrifuge program but this could easilydéa an unwanted long-term war with
Iran. The U.S. does not seem to have any reafstitary options for eliminating Iran’s
centrifuge enrichment program.

Iran is able to produce the non-nuclear comporfents nuclear weapon now and need
not wait until it produces HEU. It took the U.Silp 11 months to produce the implosion
system for a nuclear weapon in 1944-1945 but leanlikely produce an implosion
system in a much shorter time interval. This [geeglly the case since the IAEA has
said that Iran already “has sufficient informatiorbe able to design and produce a
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workable implosion nuclear device based upon HEthadission fuel.” In June 2011,
Yukiya Amano, the director general of the IAEA sthidt the agency had received
“further information related to possible past orreat undisclosed nuclear-related
activities that seem to point to the existenceasgible military dimensions to Iran’s
nuclear program.” He went on the say “The actgitin Iran related to the possible
military dimension seem to have been continued gotte recently.”

It is difficult to consider the current nuclear @gypments in Iran as benign. Rather Iran
does indeed have a nuclear weapons program. gending centrifuge enrichment
capacity, and stockpiles of 3.5% and 19.7% enrialradium as well as its likely
continuing research on the non-nuclear compondntaaear weapons is moving Iran
ever closer to a nuclear weapons capability. Thduan's leadership may have not yet
specifically decided to develop nuclear weapons UtK., France, India and Nazi
Germany at one time all had nuclear weapons pragjtaefore their governments had
decided specifically to produce nuclear weaponse U.K., France and India all went on
to make such a decision and have produced nuckegpons. This underscores the point
that as Iran moves closer to having a nuclear wesapapability, it becomes increasing
likely that Iran will make the decision to produneclear weapons.

Though Irancould produce the HEU required for a nuclear weapomsh fjwo months
that does not meanwtill do so in the next two months. More likely, Iraitl apend the
next few years improving its position, by furthéogening the time it will take it to
move the last distance to a nuclear weapons cdyalilan will most likely continue to
expand its centrifuge enrichment capacity and gelés stockpiles of 3.5% and 19.7%
enriched uranium. At the same time, it could ccetethe production of the non-nuclear
weapon components. By 2012 to 2015, this appreéithllow Iran to become a de
facto nuclear weapon state without ever violatisgAEA safeguards or detonating a
nuclear weapon. Iran also has the option of bugjdi clandestine centrifuge enrichment
plant that produces HEU from natural uranium. 'Baroncompliance with its IAEA
safeguards requirements means that such a clamel@&iint could already be under
construction or in operation.

By analogy with Pakistan, there are two key reasom® seriously concerned about Iran
gaining a nuclear weapons capability. First, lraald either voluntarily or involuntarily
lose control of one or more nuclear weapons, aligwhem to be delivered covertly
against targets such as Tel Aviv or New York. Se¢cdran could feel that its nuclear
weapons capability may protect it from major repissand therefore it might carry out
various destabilizing attacks in the region on ¢oas such as Bahrain or even Saudi
Arabia.
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Appendix 1
Prior Writings on Iran’s Centrifuge Enrichment Prog ram and Efforts to Acquire
Nuclear Weapons
There are fourteen prior papers related to Irandear program of which | am the sole

author’® This is a full list in chronological order.

“Iran’s Centrifuge Enrichment Program as a Sourdeissile Material for Nuclear
Weapons,” April 8, 2008ttp://128.177.28.81/files/20081017-Jones-IranBnment.pdf

“Iran’s Centrifuge Enrichment Program as a Sourdéissile Material for Nuclear
Weapons,” August 17, 2009, Appendix added Augus2B09
http://www.npolicy.org/article_file/20090817-

Iran_Enrichment Update 290111 0621.pdf

“Fueling the Tehran Research Reactor: Technicak(@enations on the Risks and
Benefits,” October 12, 200%tp://www.npolicy.org/article_file/20091012-
Jones _trr_ 0 290111 0524.pdf

“IAEA November 16, 2009 Update: Implications foairs Ability to Produce Fissile
Material for Nuclear Weapons,” November 17, 2009
http://www.npolicy.org/article file/20091117-

Jones_lran_Enrichment Update 310111 0443.pdf

“Iran’s Increasing Progress towards a Nuclear Weagoapability: Centrifuge
Enrichment and the IAEA February 18, 2010 Updatebruary 23, 2010
http://128.177.28.81/files/20100223-Jones_Iran_dfmnient _Update.pdf

“When Could Iran Have the Bomb? An Analysis of Recgtatements That Iranis 3to 5
Years Away,” April 26, 2010ittp://128.177.28.81/node/1255

“Iran Nears the Finish Line in its Quest to Acquine Ability to Produce Fissile Material
for Nuclear Weapons: Centrifuge Enrichment andiAtA May 31, 2010 Update,” June
2, 2010nttp://npec.xykon-lic.com/files/20100602-Jones_IManrichment_Update.pdf

“Iran Achieves the Ability to Produce Fissile Magifor Nuclear Weapons and
Maintains Steady Enriched Uranium Production: Gerge Enrichment and the IAEA
September 6, 2010 Update,” September 9, 2010
http://www.npolicy.org/article_file/lran_Achievede Ability to Produce_Fissile_Mate
rial_for_Nuclear.pdf

"5 All of this work was performed either for the Bifiaan Policy Center and/or the Nonproliferatiori&o
Education Center. Though the author is also atpaet adjunct staff member at the RAND Corporation,
none of this work was performed for RAND and RANE&abs no responsibility for any of these papers or
the analysis and views expressed in them.
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“Iran’s Rate of Enriched Uranium Production Con#suo Increase: Centrifuge
Enrichment and the IAEA November 23, 2010 Updatintember 30, 2010
http://www.npolicy.org/article_file/lrans_Rate ofnEched Uranium_Production.pdf

“An Analysis of Recent Israeli Statements Regardiigen Iran Could Have the Bomb:
Have the Israelis Given Up Trying to Stop an IranNuclear Weapon?” January 13,
2011http://128.177.28.81/node/1404

“The Pleasures Of Self-Deception: The Fiction T@gber Attacks Have Slowed Iran’s
Drive for Nuclear Weapons,” January 26, 2011
http://www.npolicy.org/article_file/The Pleasure$ $elf Deception_Fiction.pdf

“Cyber Attack, What Cyber Attack? Iran’s Rate ofriEhed Uranium Production
Remains Steady: Centrifuge Enrichment and the IA€Aruary 25, 2011 Update,”
March 14, 201 http://www.npolicy.org/article file/What Cyber At pdf

“Critique of IISS Estimates of the Time Required lian to Produce the HEU Metal
Core Required for a Nuclear Weapon, Addendum: TRequired to Produce the Non-
Nuclear Components Needed for a Nuclear WeaponrtMa, 2011, Revised April 6,
2011

http://www.npolicy.org/article_file/Critigue_of [IS Estimates_with_Addendum.pdf

“Out of the Spotlight Iran’s Rate of Enriched Unami Production Continues to Increase:
Centrifuge Enrichment and the IAEA May 24, 2011 &igq” June 2, 2011
http://www.npolicy.org/article_file/lran_Enrichmenpdate-Greg_Jones.pdf

| have also coauthored an article with Henry Sd&ols

“Bombshell: Obama has run out of time to negotvaite Iran,” The New Republjc
December 7, 2016ttp://www.tnr.com/article/79691/bombshell-iran-tesr-bomb-
uranium-negotiations-obama
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Appendix 2
Basics of Uranium Isotope Separation

The purpose of this appendix is to provide a gdrex@rview of various concepts related
to uranium isotope separation so as to make therese understandable. For those who
desire additional information, there are a numlienore detailed sourcé$.

The majority of elements consist of two or mordapes. These are atoms that have the
same number of protons but differing numbers otnoeis. The different isotopes of an
element all have approximately the same chemicyeities but can have quite different
nuclear properties. Natural uranium has two ppakisotopes, U-235 and U-238. The
isotope U-235 is the one that is desirable for @sses involving nuclear fission
reactions, including nuclear fuel and nuclear esipiles. However, U-235 is only about
0.7% of natural uranium (usually taken to be 0.®&ight percent) with the rest being
99.3% U-238. For most purposes the percentage283Jmust be increased (enriched).
When uranium is referred to as being x% enrichieel xtalways refers to the fraction of
U-235.

In any centrifuge enrichment plant, uranium of gaia enrichment is fed into the plant
and two streams (product and tails) are withdrawmfit. The product stream consists
of uranium with a higher enrichment than the feed the tails stream consists of
uranium with a lower enrichment than the feed. &ample, to produce one kilogram of
3.5% enriched product requires 10 kilograms of retwranium feed and also produces 9
kilogram of tails if the tails enrichment is 0.4%Conservation of mass requires that the
sum of the product and tails always equals the)feed

The smallest unit of an isotope separation plaat ¢ffects some separation of the
process material is called a separating unit, windhe case of Iran’s enrichment effort
is a centrifuge. The chemical form of the uranifech to a centrifuge must have the
physical characteristic of being gaseous at neamr@mperatures. The only uranium
compound that has this property is uranium hexaifligo The centrifuge separates an
incoming feed stream of uranium hexafluoride into butgoing streams: a product
stream in which the uranium is enriched in U-23Bpared to the feed and a tails stream
which is somewhat depleted in U-235 compared tdebd. Since the flow through a
single centrifuge is rather low, an enrichment ptamsists of a number of centrifuges
operating in parallel each being fed with feed with same enrichment and producing
product and tails with the same enrichment. Thigig of parallel-connected centrifuges
is known as a stage. Since the degree of enrichpneduced by a single stage is
generally less than is desired for the producgraichment plant is composed of a

® Manson Benedict, Thomas H. Pigford and Hans Walfdaevi, Nuclear Chemical Engineering™
Edition, McGraw-Hill Book Company, New York, 198%telio Villani, Isotope SeparatigmrAmerican
Nuclear Society, 1976; Allan S. Krass, et Branium Enrichment and Nuclear Weapon Proliferation
Stockholm International Peace Research Instituaglor & Francis Ltd, London 1983; and Karl Cohen,
The Theory of Isotope Separation as Applied td_t#rge-Scale Production of U-238cGraw-Hill Book
Company, Inc. New York, 1951.
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number of stages connected in series. Such assmmected group of stages is known
as a cascade.

The portion of the cascade between the feed paouohttze product end is known as the
enriching section. Since uranium has significaimn@mic value, stages are used to
reduce the enrichment of the tails produced byetirchment plant. These stages are
known as the stripping section and are located éatvthe feed point and the tails end.
The use of a stripping section allows the amourfiéedl required to be significantly
reduced.

The capacity of a separation element and an engohplant are measured in separative
work units (SWU) per unit time. There is no simplelanation of what an SWU is but
despite the term, it is not related to the physarscept of work. Rather it has units of
mass (usually kilograms). The SWU needed to predugiven amount of uranium
produc%can be calculated if the U-235 concentnaiticthe product, feed and tails are
known.

When a cascade is operating at equilibrium, treeeesteady increase in the uranium
enrichment from the feed stage, through the emrgceection, to the product stage.
However, when the plant first starts operation,glat is filled entirely with uranium
having the enrichment of the feed. The plant nopstrate for a while to create the
internal enrichment gradient in the plant so thaturanium product with desired
enrichment can be produced. This time is the gajitim time, which for many
enrichment processes can be quite long but itagt $br a centrifuge enrichment plant.

" Separative work calculators are available onieriet. See for examplettp:/www.wise-
uranium.org/nfcue.html
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