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Critique of IISS Estimates of the Time Required for Iran to Produce the HEU Metal
Core Required for a Nuclear Weapon
Addendum: Time Required to Produce the Non-Nuclear Components Needed For a
Nuclear Weapon
Since Iran began using centrifuges to produce enriched uranium in 2007, there have been
concerns that Iran could modify its enrichment operation to produce the Highly Enriched
Uranium (HEU, typically at least 80% U-235) needed to manufacture nuclear weapons.
Recently the International Institute for Strategic Studies (IISS) has produced estimates of
the time required for Iran to use its existing enrichment facilities at Natanz in order to
produce the HEU for a nuclear weapon.1 The IISS estimates that it would take Iran one
to two years to carry out this process and prefer their estimate of two years. This estimate
includes not only the time needed to produce the HEU but also the time required to
fashion the HEU into a metal sphere required for a nuclear weapon.
An estimate of two years is far higher than my most recent estimate of the approximately
two and one half months.2 Naturally I was interested in what caused the difference in our
estimates. Initially I thought the difference might lie in the arcane calculations related to
uranium enrichment but in fact the differences relate to four factors. One, the IISS
assumes that Iran would prefer to repipe its cascades at Natanz to produce HEU rather
than use the significantly faster batch recycling method. Two, the IISS vastly
overestimates the time required to convert uranium hexafluoride (UF6—the chemical
form of uranium required for the enrichment process) to a uranium metal sphere required
for a nuclear weapon. Three, the IISS assumes that due to processing losses, Iran will
have to produce a total of 37.5 kilograms of HEU when only 20 kilograms are necessary.
Four, the IISS assumes that Iran uses only 24 cascades (3,936 centrifuges) when Iran has
the equivalent of 31 cascades (5,144 centrifuges) in operation. We will discuss each of
these factors in turn, after some background on centrifuge enrichment of uranium and
Iran’s centrifuge enrichment operations.
Iran and Centrifuge Enrichment
Natural uranium contains only 0.7% U-235. For uranium to be used as fuel in light water
power reactors, which are the most common type of power reactors in operation today,
the percentage of U-235 must be increased (enriched) to 3%-5%. As was indicated
above, uranium should contain 80% or more of U-235 to be used in a nuclear weapon.
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One method of enriching uranium involves using gas centrifuges. In order to produce
meaningful levels of enrichment it is necessary to operate many centrifuges in series—an
arrangement known as a cascade. Since the output of a single cascade is limited, many
cascades are often operated in parallel.
According to the International Atomic Energy Agency (IAEA), as of November 5, 2010
Iran had 29 cascades (4,816 centrifuges) in operation at its main enrichment facility at
Natanz producing 3.5% enriched uranium starting from natural uranium. This
enrichment level is suited for use in power reactors, but the only power reactors that Iran
possesses receive all of their fuel from Russia. As Iran has no current use for the 3.5%
enriched uranium it is producing, the material is being stockpiled. As of October 31,
2010, Iran had produced 2,152 kilograms of 3.5% enriched uranium. At its pilot
enrichment facility (also located at Natanz), Iran has the equivalent of two cascades (328
centrifuges) in operation, enriching 3.5% enriched uranium to 20% enriched uranium. As
of November 19, 2010, Iran had produced 22 kilograms of 20% enriched uranium.
It has long been known that the technical characteristics of the gas centrifuge are such as
to make it fairly easy to produce HEU even when utilizing a centrifuge enrichment plant
that was not specifically designed to produce such material. In Iran’s case, its stockpiles
of enriched uranium further ease this process. Since most enrichment effort is expended
at the low concentration end of the process, 3.5% enriched uranium is already more than
halfway to becoming HEU and 20% enriched uranium is about 90% of the way to HEU.
Enrichment Plant Repiping vs. Batch Recycle
There are two ways to produce HEU from a centrifuge enrichment plant designed to
produce 3.5% enriched uranium.3 The first method involves repiping the enrichment
plant so that the large number of cascades operating in parallel are rearranged to operate
in series. The second method is called batch recycling. In this method the original
enrichment plant is basically unaltered and the 3.5% enriched uranium is successively
reenriched by the enrichment plant until the desired enrichment is achieved. Depending
on how this process is carried out, two to three additional enrichment passes are required.
Both repiping the enrichment plant as well as using batch recycling are considered to be
valid ways to produce HEU.4 Which of these two methods is used depends on a
country’s specific situation as well as the strengths and weaknesses of each method. A
key disadvantage of the repiping method is the time needed to replumb the plant, during
which time no enrichment can be carried out. The IISS estimates that it would take 12
weeks (close to three months) to carry out the replumbing. A key strength of this method
is that once the replumbing is completed, the plant can carry out sustained operation.
Iran’s main enrichment plant at Natanz could be reconfigured so as to take natural
uranium and enrich it all of the way to the 90% U-235 concentration needed for a nuclear
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weapon. The output of HEU would be about 20 to 25 kilograms of HEU per year, which
is approximately the amount needed for one weapon.
However, repiping the plant to use natural uranium as feed means that Iran could not take
advantage of its large stockpile of 3.5% enriched uranium (2,152 kilograms) to produce
HEU. The IISS realizes this problem and instead assumes that Iran would repipe its main
enrichment plant so as to produce HEU using 3.5% enriched uranium as feed. Once the
plant had been repiped, Iran could produce enough HEU for one weapon in about 16
months (based on the IISS’s assumptions). But there would be several disadvantages.
The plant in this configuration could only run for as long Iran’s stockpile of 3.5%
enriched uranium lasted. Once the supply of this enriched uranium ran out (after
producing roughly 40 to 50 kilograms of HEU), Iran would have to repipe the enrichment
plant yet again so that natural uranium could be used as feed. Additionally Iran could not
utilize its stockpile of 20% enriched uranium.
The IISS recognizes that in a breakout scenario, “time is of the essence.” Yet it does not
think Iran would use the batch recycling method at the main enrichment facility at Natanz
even though this method would produce the HEU for a weapon in only six months,
(according to the IISS assumptions). The IISS says that batch recycling is untested and
points out that Pakistan gave the design for a repiped enrichment plant to Libya rather
than proposing that batch recycling be used. However, the enrichment plant that Pakistan
was to have provided was to going to be clandestine and not under IAEA safeguards.
Therefore time was not of the essence and there was no pressure to produce HEU as
quickly as possible before such activity could be discovered and counter-measures taken.
Nor did Libya have preexisting stockpiles of enriched uranium which would have
shortened the time needed to produce HEU. Pakistan configured the design for the
enrichment plant it was offering so as to provide for the sustained production of HEU
using natural uranium as feed which made perfect sense given the circumstances.
However, given Iran’s need for speed and having stockpiles of enriched uranium, using
batch recycling makes more sense. Further, it is untrue that batch recycling is untested,
as Iran already has experience with this process. The first step of the batch recycling
process involves enriching 3.5% uranium to 20% uranium which is the step that takes the
most time. Iran already has experience with this operation since in February 2010 it
began using a standard cascade at its pilot enrichment plant at Natanz to enrich 3.5%
uranium to 20% enriched uranium. Iran has encountered no problems with this process
and has maintained steady production of 20% enriched uranium, though, since it is using
only one cascade, the rate is low.
In the long-run it would make sense for Iran is to produce one or more weapons quickly
using batch recycling. Once Iran’s stockpiles of enriched uranium are exhausted, it could
then repipe its enrichment plant to provide for sustained HEU production using natural
uranium feed.
The IISS estimates that if Iran were to use batch recycling, then it could produce the
metal core of HEU needed for a nuclear weapon in about one year. While this is
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significantly shorter than its estimate that two years would be required if Iran were to use
the repiping method instead, one year is still a long time for a country that would need to
produce a nuclear weapon as quickly as possible.
Converting UF6 into a Weapon’s Metal Core
The IISS’s one year estimate consists of two components: (1) six months for batch
recycling to produce sufficient HEU in the form of UF6 and (2) six months to convert the
UF6 into the uranium metal sphere required for a nuclear weapon. This six month
estimate for converting UF6 into uranium metal is very high compared to Chinese and
U.S. experiences and is also quite at variance with expert estimates.
The Chinese produced the HEU for its first nuclear test by constructing a gaseous
diffusion enrichment plant at Lanzhou. On January 14, 1964 this plant produced its first
90% enriched uranium.5 Yet only three and one half months later, on April 30, a man
named Yuan Gongfu was given the task of machining the uranium metal into the core for
a nuclear weapon. The man had an attack of nerves and initially could not carry out his
task but after a break and a glass of milk he was able to proceed. By May 1 “the nuclear
core for the bomb was ready.”6
At most, then, it took the Chinese only three and one half months to convert their UF6
into the core for their first nuclear test. The actual time would have been less, since some
of that three and one half month period would have been used for the Lanzhou
enrichment plant to produce sufficient HEU for a weapon. The production rate of the
enrichment plant is unknown but best estimates are that it could produce 60 to 300
kilograms of HEU per year7 which implies that the plant would have had to operate for
one to three months before it had produced enough HEU for a weapon.8 Therefore it
took the Chinese somewhere between a half a month and two and one half months to
convert their UF6 into the required uranium metal core.9 Though this estimate is already
far less than the IISS’s six month estimate, it is clear that the Chinese were in no
particular hurry to test a nuclear weapon and this estimate is not the minimum time
required.10 To gain a better idea of what the minimum time might be, it is necessary to
look at the U.S. experience in World War II.
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As part of the Manhattan Project, the U.S. used several different methods to produce
HEU. This was the first time that the large scale production of HEU had been attempted
and there were various technical difficulties. Though significant HEU production began
in the summer of 1944, the production rate was low—only about 1 kilogram of U-235 per
month.11 In the first part of 1945, the rate significantly increased to 5 to 7 kilograms of
U-235 per month.
The HEU was to be used for a gun type nuclear weapon, in which a subcritical projectile
of HEU is fired into a subcritical target of HEU. When combined the two pieces of HEU
produce a supercritical mass and a large scale nuclear explosion. This weapon would be
exploded over the city of Hiroshima.
Since large amounts of HEU had never existed before, as the material was produced it
was distributed to various groups so that its properties could be studied. But starting on
June 4, 1945, this HEU was collected and began to be fashioned into the components
needed for the weapon.12 By early July, all of the weapon’s non-nuclear components as
well as the HEU projectile were completed. These parts were transported to San
Francisco and loaded onto the cruiser Indianapolis. After the successful nuclear test at
Alamogordo on July 16, the cruiser made a high-speed run to the island of Tinian. It
arrived on July 26.
But there was not yet enough HEU to make the weapon’s HEU target and production was
continuing. On June 27 workers at the Y-12 facility were exhorted to increase their
efforts. Production records imply that it was only July 15 before sufficient HEU was
received at Los Alamos.13 Only nine days later on July 24, the HEU target was ready.14
This component was transported by air to Tinian and arrived during the night of July 2829. By July 31 the weapon was ready but due to poor weather, it was not dropped on
Hiroshima until August 6.
The U.S. experience shows how quickly a weapon can be prepared. Based on this
experience, the conversion of UF6 to HEU metal components should only take about one
week, not the six months suggested by the IISS. This view is reinforced by expert
judgment derived from two different sources.
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In the 1970s, I worked on various project related to nuclear proliferation for Albert
Wohlstetter at his company Pan Heuristics. This company was part of SAIC which
employed a number of nuclear weapon and nuclear industry experts. An important issue
in our research was this very question of how quickly materials such as HEU in the form
of UF6 or plutonium in the form of a nitrate or oxide could be converted into the metal
cores needed for a nuclear weapon. After consulting with SAIC’s experts, I reached the
judgment that the time involved would be “days to weeks.” This conclusion was
published over 30 years ago.15
The IAEA has made a similar estimate.16 It has estimated “conversion times” which are
“The time required to convert different forms of nuclear material to the metallic
components of a nuclear explosive device.” For a variety of uranium and plutonium
compounds in various degrees of purity, the IAEA estimates the conversion time as 1 to 3
weeks. The IAEA also states that for pure uranium or plutonium compounds [such as we
are talking about here], the conversion time would be “at the lower end of the range” i.e.
one week. Thus, the estimates produced by the IAEA, the ones I made in the 1970s and
the U.S. World War II experience consistently demonstrate that the conversion time
would be approximately one week and not the six months estimated by the IISS.
Amount of HEU Required
The IISS estimates using batch recycling at Natanz would take six months to produce
37.5 kilograms of HEU in the form of uranium hexafluoride. It determined that 37.5
kilograms of HEU was needed by starting with the IAEA’s “significant quantity” for
HEU which is 25 kilograms. The IISS then says that due to “wastage” during the
fabrication of the HEU metal core, the required amount needs to be increased by 50%
(25 x 1.5 = 37.5).
However, the IAEA says, “Significant quantities take into account unavoidable losses
due to conversion and manufacturing processes…”17 In other words the IAEA already
has included a wastage factor into its estimate of “significant quantities.” The IISS does
not need to add another wastage factor.
Further as the IISS notes, the material lost in conversion and manufacturing is not
permanently lost but rather can be recovered. This is not surprising since the HEU is
more valuable than gold. However, since as we saw above, the IISS believes that the
conversion of uranium chemical compounds into metal is a long and laborious process, it
thinks that “lost” uranium cannot be recovered quickly. As we have shown, this belief is
untrue and given the actual speed with which uranium metal can be produced from
chemical compounds, it should be possible to expeditiously recover this material and still
use it for the nuclear weapon. This fact applies to the IAEA’s “significant quantity” as
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well, which I estimate is still too large. In the U.S. experience discussed above, it
appears that the amount of wastage in the production of the Hiroshima weapon was
minimal.18 Therefore I use only 20 kilograms as the required amount of HEU needed for
to produce a nuclear weapon.
Since the time required for the production of HEU by batch recycling is roughly inversely
proportional to the amount of HEU required, adjusting the IISS’s time estimate reduces it
to a little more than 3 months. (6 months x [20/37.5] = 3.2 months).
Number of Centrifuges
As we stated earlier, at the last IAEA inspection (November 5, 2010), Iran had 29
cascades (4,816 centrifuges) in operation at its main enrichment facility at Natanz and the
equivalent of two more cascades (328 centrifuges) in operation at its pilot enrichment
facility at Natanz for a total of 5,144 centrifuges. Yet the IISS assumes in its estimate
that Iran uses only 24 cascades (3,936 centrifuges) to produce HEU. If one assumes that
Iran uses all of the cascades that it has in operation then the IISS estimate becomes about
two and one half months which is the same as my own estimate. (3.2 months x [24/31] =
2.5 months).
Summary
To summarize, the difference between my estimate of how long it would take Iran to
produce the HEU metal core needed for a nuclear weapon and the estimate of the IISS
relate to four factors. First, the IISS assumes that Iran would employ the time-consuming
process of repiping its enrichment plant rather than using the significantly faster batch
recycling method. Second, the IISS estimates that it would take Iran six months to
convert UF6 HEU into the metal core needed for a nuclear weapon. This is a vast
overestimate. One week seems to be a more accurate estimate based on U.S. experience
in World War II as well as expert opinions including that of the IAEA. Third, the IISS
assumes that Iran needs 37.5 kilograms of HEU to produce a weapon, saying that the
IAEA’s “significant quantity” of 25 kilograms of HEU should be increased by 50% to
account for “wastage.” This is a mistake since the IAEA’s estimate of a “significant
quantity” already takes wastage into account. Further, since the actual amount of
wastage experienced by the U.S. in producing the Hiroshima weapon seems to have been
minimal, 20 kilograms of HEU is a more appropriate amount. Fourth, the IISS assumes
that Iran would use only 24 cascades to produce HEU, when as of the last IAEA
inspection it had 31 cascades in operation.
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Addendum: Time Required to Produce the Non-Nuclear Components Needed For a
Nuclear Weapon
On March 4, 2011, Mark Fitzpatrick, who is the Director of the Non-Proliferation and
Disarmament Programme for the IISS, responded by email to the original posting of my
paper. He stated that my second point discussed above, i.e. the six months required for
the conversion of UF6 to the HEU metal core, misinterpreted his report. In particular he
stated that the six month interval represented not only the time to produce the HEU metal
core but also the time required to produce the non-nuclear components.
However, the report seems to say something different: “Whatever method were [sic]
used, [to produce the HEU, i.e. the 17 month repiping method or the six month batch
recycling method] at least six more months would be required to convert the gasified
HEU into metal and fashion it into a weapon.”19 The “it” clearly refers to the HEU and
as written the report says that six months will be needed to convert the HEU into a form
required for a nuclear weapon. But putting the English aside, if one assumes that the six
months now includes not only the time required to produce the HEU metal core but also
the non-nuclear weapon components, does this resolve the issue? The answer is no.
As the quotation from the prior paragraph shows, the IISS envisions the six months to be
additive to the time required to produce the HEU in the form of UF6. This implies that
the IISS sees this as a sequential process, where first the HEU in the form of UF6 is
produced and only then can the final production of the non-nuclear weapon components
take place. But this is a fundamental misunderstanding of how nuclear weapons are
developed. The production of the fissile material for a nuclear weapon and the
production of the non-nuclear components needed to detonate the fissile material can be
carried out in parallel. This essential fact has been known since the beginning of the
nuclear era.
One of the clearest statements of how nuclear weapons are developed can be found in the
official British history of its nuclear weapons program. In a memo dated November 1,
1946, William Penney who was to lead the British effort, outlined how the task could be
accomplished. According to the British history:
“He said that the manufacture of an atomic bomb of present design fell
naturally into two parts: firstly the production of the active material and
secondly the ordnance part, that is, the manufacture and assembly of the
components causing the explosion of the active material. The second part
of the work could be begun and completed without the need to use fissile
material at any stage.”20
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The U.S. manufacture of the Hiroshima nuclear weapon, described above, also illustrates
that production of a nuclear weapon is not a sequential operation where first the HEU
must be produced and only then can the non-nuclear components of the weapon be
developed. Rather the non-nuclear components for this weapon were already completed
and sailing across the Pacific Ocean when the HEU components were still being
manufactured.
Both of these examples demonstrate that Iran need not possess any HEU before it builds
the non-nuclear components of its nuclear weapon. Indeed, Iran could finish these nonnuclear components before it begins any batch recycling at Natanz to produce HEU.
Even if one accepted the IISS estimates that it would take Iran six months to produce a
weapon’s worth of HEU by batch recycling and six months to produce the non-nuclear
components for the weapon, these two estimates are not additive. Instead of the one year
estimate produced by the IISS, the true estimate would be only six months since both of
these operations could be performed in parallel.
It should be recognized that any estimate of the time Iran requires to produce the nonnuclear components for a nuclear weapon will be far more uncertain that an estimate of
the time required for Iran to produce HEU. The IAEA inspections in Iran provide solid
data on the number of centrifuges that Iran has in operation, their production rate of
enriched uranium and the amounts of enriched uranium Iran has stockpiled. This
information provides a sound basis for estimating the time required to produce HEU. In
contrast, the IAEA inspections provide little information about Iran’s work on the nonnuclear components for a nuclear weapon. This is especially so, because Iran has
blocked enforcement of the IAEA’s Additional Protocol since 2007.
For most nuclear weapons, the implosion method is used to detonate the HEU. In this
method the HEU is surrounded by explosives and upon detonation the HEU is
compressed to a supercritical mass which then produces a nuclear explosion. As I have
written elsewhere, the U.S. was able to develop implosion-type nuclear weapons in only
eleven months during 1944-1945.21 Though today Iran would not have the talent and
resources available to the Manhattan Project, it would be starting from a far better
position than the U.S. did. In 1944, no one knew whether or how the implosion method
could work. Today it is not only well known that such weapons work but also there are
general descriptions of such weapons and pictures showing their general construction.
Knowledge of explosives as well as computing power are far superior today than they
were 67 years ago when the U.S. undertook this effort. Further, Iran would not be
starting from scratch. According to the 2007 NIE, Iran was developing nuclear weapons
until the fall of 2003.22 In addition, Iran may have received warhead design details from
either Pakistan or North Korea. Since Pakistan is thought to already have a viable missile
21
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warhead design (believed to have been provided by the Chinese), such aid would be
particularly useful to Iran. Therefore, eleven months should be considered an upper
bound of the time it would take Iran to develop such a weapon if it were to decide to
undertake an all-out effort. The actual time could be considerably less.
The IISS’s estimate of six months for Iran to develop the non-nuclear components of a
nuclear weapon is reasonable enough. The problem is that the IISS considers this
estimate to be static, since it believes that such further development can not occur until
after Iran produces HEU. But since the development of the non-nuclear components does
not require any HEU to proceed, such development can, and probably is, taking place
even now. The IAEA has expressed repeated concerns about the possibility of current
Iranian activities to develop a nuclear payload for a missile.23 U.S. intelligence has
indicated that Iran is continuing to work on the development of the non-nuclear
components of a nuclear weapon. For example, in June 2010, CIA Director Leon
Panetta, responding to a question about whether Iran’s efforts to develop their nuclear
capability included “weaponization” said, “I think they continue to work on designs in
that area.”24 More recently, in testimony before Congress, the Director of National
Intelligence James Clapper said, “Iran is keeping open the option to develop nuclear
weapons in part by developing various nuclear capabilities that better position it to
produce such weapons, should it choose to do so.”25 Therefore, just as Iran’s continuing
enrichment efforts are reducing the time required for it to produce HEU should it decide
to do so, it also is undertaking work that is reducing the time needed for it to produce the
non-nuclear components for a nuclear weapon.
The IISS estimates should reflect that Iran’s development of the non-nuclear components
for its nuclear weapons need not wait for Iran to first produce HEU but rather Iran can,
and probably is, developing these non-nuclear components now.
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