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Lessons From China: How Soon Could Iran
Get the Bomb?

Hui Zhang

Once Iran acquires enough weapons grade uranium, how quickly could it make a bomb?
Some nuclear experts argue it would take Iran many months or possibly as long as a year to
make a nuclear weapon.! However, the history of China’s nuclear weapons programs shows
that Tehran could build a bomb in just three to five weeks.

There are other crucial steps needed to make a warhead aside from acquiring the
necessary fissile materials. It would take additional time to convert uranium hexafluoride gas
(UF6) to metallic form, and then to cast and machine the metal into the core of a bomb.
Meanwhile, other non-nuclear components would need to be ready to assemble a complete
warhead.? Those non-nuclear components would include a weapon design, a neutron initiator, a
detonation wave focusing system, high explosives, detonators, and an arming, fusing, and firing
(AF&F) system.

However, as proven by the experience of other nuclear weapon states, non-nuclear
components can be built in parallel with the production of nuclear weapons fuel. In fact, when
China produced its first batch of highly enriched uranium (HEU) (93.5 percent U235) in
January 1964 (enough for two bombs) for the October 1964 nuclear test, all the non-nuclear
components needed for those two bombs had been accomplished by 1963.3 At that time, the
weaponeers were just waiting on HEU production to complete the weapon. As detailed in
following sections, once China’s scientists had sufficient HEU, they spent three to five weeks
converting uranium hexafluoride gas (UF6) to metallic form, purifying, and then casting. They
fabricated the first bomb core (made of two hemispheres) on the early morning of May 1%,

1. William J. Broad, “To Build a Nuclear Bomb, Iran Would Need Much More Than Weeks,” New York
Times, October 2, 2024, available at https://www.nytimes.com/2024/10/02/science/iran-nuclear-
weapon.html

2. See, e.g. Chapter 4 in Nuclear Matters Handbook 2020 [Revised], available at
https://www.acq.osd.mil/ncbdp/nm/NMHB2020rev/index.html. The non-nuclear component categories
include explosive materials, arming devices, fuzing devices, casings, detonators, firing devices, safing
devices, security devices, neutron generators, power sources, interface systems, and electronics.

3. For more details about the technical history of China’s nuclear weapon development program, see,
Hui Zhang, China’s nuclear weapon development and testing, MIT Press (Cambridge, MA),
forthcoming in 2025.
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1964, after spending about ten hours with manually operated machining tools.* In early August,
they started the final assembly process of the two bombs. By August 20%, 1964, they assembled
the two bombs with carefully subcritical measurements at the Qinghai nuclear weapon plant.” It
took only about three days to assemble the first bomb.6 After initial assembly, they
disassembled the two bombs to prepare them for shipping to the Lop Nur test site at Xinjiang.
The bomb was then reassembled in about ten hours at the Qinghai site and prepared for China’s
first nuclear explosion. Thus, from converting UF6 to assembling a finished atomic bomb,
China only took about three to five weeks.

China’s case happened 60 years ago, when China lacked advanced equipment. If
China’s scientists had been under a tightened schedule or pressured during war time, its three-
to-five-week timeframe would likely be even shorter. In the case of the Manhattan Project, U.S.
scientists took only nine days after producing enough HEU materials to finish the metallic HEU
components for the core (of 60 kg HEU) of the Little Boy bomb on July 24", 1945. The United
States detonated Little Boy over Hiroshima on August 6, 1945, only 13 days later.”

Portions of Iran’s “nuclear archive,” which Israel seized in January 2018, clearly show
Iran’s weaponization projects running in parallel with HEU projects under the “Amad Plan” --
Iran’s code name for its crash nuclear weapons program between the 1999 and 2003. The
Amad Plan aimed to produced five nuclear weapons by early 2004, including four deliverable
warheads for the Shahab-3 missile, and another one for testing underground.® On April 30",
2018, Prime Minister Benjamin Netanyahu presented Iranian documents showing Iran’s
intention to build five 10- kiloton, ballistic missile-deliverable nuclear warheads.’

In 2003, Iran halted work on all aspects of its weapon program except the production of
fissile materials. Iran’s nuclear archive reveals that, by this time, Iran had already made

4. China’s official nuclear history is Li Jue, Lei Rongtian, Li Yi, and Li Yingxiang, eds., China Today:
Nuclear Industry, China Social Science Press, Beijing, 1987 (in Chinese), p.273.

5. Fang Zhengzhi, et. al., Witness the detonation of China’s atomic bomb, Hunan Jiaoyu Press,
Changsha, 2014 (In Chinese), p. 361.

6. Magical Sword Literary and Art Society of Nuclear Industry, ed., The Secret Course (Beijing: Atomic
Energy Press), 1999 (in Chinese), p. 36-40.

7. Gregory S. Jones, Henry Sokolski, “Iran Could Build a Nuclear Weapon Sooner Than You Think,”
Foreign Policy, October 10, 2024, available at https://foreignpolicy.com/2024/10/10/iran-nuclear-
weapon-warhead-missile-how-soon/.

8. David Albright, Sarah Burkhard and the Good ISIS Team, Iran’s Perilous Pursuit of Nuclear
Weapons (Washington, D.C.: Institute for Science and International Security Press, 2021). The book’s
revelations are based on an analysis of a massive trove of the Iran’s Nuclear Archive seizure by Israeli
operatives in 2018,

9 .The transcript of Netanyahu’s remarks can be found in “Full Text: Netanyahu Claims Iran Nuclear
Deal Based on Lies,” Haaretz, April 30, 2018, available at https://www.haaretz.com/israel-news/2018-
04-30/ty-article/full-text-netanyahus-reveals-irans-atomic-archive-in-speech/000001 7f-f44e-d5bd-al 7f-
f67¢1at00000
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substantial progress on almost all other aspects of nuclear weaponization, including weapon
design (see Appendix B), neutron initiator (see Appendix C), detonation wave focusing system,
(see Appendix D), “cold” testing (see Appendix E), casting and machining (see Appendix F),
and integration of warheads and reentry vehicles.!°

Even if some of the major non-nuclear components were not completed during the
Amad Plan, Iran has probably made significant progress on those unfinished projects in the last
20 years. As discussed in the following sections, China’s case demonstrates that non-nuclear
weapon components tasks can be completed within one to two years. In fact, after the closure
of the Amad Plan in 2003, other Iranian organizations continued to work on nuclear weapons
programs with a smaller, more dispersed effort. As David Albright and Sarah Burkhard
concluded, “the evidence suggests that Iran not only maintained the capability to produce
nuclear weapons, but actively worked on efforts to advance that capability in case Iran’s

leaders made a decision to build them.”!!

Although it is unclear how much effort Iran has put into its weaponization programs
since 2003, Iran likely sped up its weaponization efforts after the JCPOA failure in 2018. There
were two whole years between the dissolution of the JCPOA and the murder of Iran’s top
nuclear weapons program leader, Mohsen Fakhrizadeh, who led the program from 1998 until
his death in November 2020. It’s possible Iran made significant progress during that two-year
period.

Since 2022, Iranian officials have spoken openly about nuclear bomb prospects. This is
a departure from a fatwa issued in 2003 by Iran’s Supreme Leader Ayatollah Ali Khamenei,
which banned the possession of nuclear weapons. In July 2022, Kamal Kharrazi, an adviser to
Supreme Leader Khamenei, stated that, “in a few days we are able to enrich uranium up to 60
percent and we can easily produce 90 percent enriched uranium. ... Iran has the technical means
to produce a nuclear bomb but there has been no decision by Iran to build one.”'? Recently, as
Iran inches closer to a HEU production “breakout,” discussions about nuclear weapons inside
Iran are even louder. In February 2024, Ali-Akbar Salehi, the former chief of Iran’s Atomic

10. See details in the Appendix. Also, Aaron Arnold, Matthew Bunn, Caitlin Chase, Steven E. Miller,
Rolf Mowatt-Larssen, William H. Tobey, “The Iran Nuclear Archive: Impressions and Implications,”
Harvard Kennedy School Belfer Center for Science and International Affairs, April 2019, available at
https://www.belfercenter.org/publication/iran-nuclear-archive-impressions-and-implications. Albright,
et al., Iran’s Perilous Pursuit of Nuclear Weapons.

11. David Albright with Sarah Burkhard and the Good ISIS Team, Highlights of Iran’s Perilous Pursuit
of Nuclear Weapons, Institute for Science and International Security, August 24, 2021, available at
https://isis-online.org/isis-reports/detail/highlights-of-irans-perilous-pursuit-of-nuclear-weapons/

12. Jon Gambrell, “Iran now speaking openly on nuclear bomb prospects,” AP News, August 4, 2022,
available at https://apnews.com/article/middle-east-iran-dubai-nuclear-
d96093efcfle6b8581138b9db48cbedc
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Energy Organization, claimed that Iran already had “all the pieces” necessary for a bomb.!3 In
April 2024, Javad Karimi Ghodousi, a member of the Iranian parliament’s National Security
Commission, declared that if the supreme leader “issues permission, [Iran] would be a week
away from testing [its] first [nuclear bomb].” !4

Indeed, if all other non-nuclear components are ready, the time between acquiring
enough HEU to assembling a working bomb can be as short as a few weeks. This timeline is
clearly demonstrated with China’s first bomb case and the case of America’s Little Boy bomb.
The most time-consuming aspect of the bomb-building process is metal melting and casting.
Iran has already started laying the groundwork for this project. Iran started preparatory work on
converting HEU fuel into a bomb core during the Amad Plan. According to IAEA reports, Iran
started uranium metal converting work at the Fuel Fabrication Plant in Esfahan in 2021.1°
While Iran plans to use these metals to fuel its research reactor, the experience gained from
such activities would surely help an Iranian weapon program. (For more information on
Chinese and Iranian uranium metal components production, see Appendix F.)

Prior to signing the JCPOA in 2015, the U.S. government assessed Tehran had not
mastered the necessary technologies to build a nuclear weapon. In July 2024, however, the U.S.
Office of the Director of National Intelligence (ODNI) determined that Iran had “undertaken
activities that better position it to produce a nuclear device, if it chooses to do so0.”!¢ This new
ODNI assessment suggests Iran has significantly advanced its nuclear program over the last
several years. In a press conference on July 31%, 2024, Sen. Lindsey Graham warned, “... |
believe it is a certainty that if we do not change course, Iran will in the coming weeks or
months possess a nuclear weapon.”!”

13. Jon Gambrell, “The head of UN’s nuclear watchdog warns Iran is ‘not entirely transparent’ on its
atomic program,” AP News, February 13, 2024, available at https://apnews.com/article/iran-nuclear-
program-iaea-gross-isracl-hamas-gaza-war-ee164aetb63a533548a54179¢952b5el

14. Khosro Sayeh Isfahani, “The nuclear fatwa that wasn’t—how Iran sold the world a false narrative,”
Atlantic Council — Iran Source, May 9, 2024, available at
https://www.atlanticcouncil.org/blogs/iransource/iran-nuclear-weapons-fatwa-khamenei.

15. IAEA director General, Verification and monitoring in the Islamic Republic of Iran in light of United
Nations Security Council resolution 2231 (2015), GOV/INF/2021/3, January 13, 2021. Francois
Murphy, Humeyra Pamuk and Arshad Mohammed, “Iran takes steps to make enriched uranium metal;
U.S., Europe powers dismayed,” Reuters, July 6, 2021, available at
https://www.reuters.com/world/middle-east/iran-informs-iaea-plans-produce-enriched-uranium-2021-
07-06/.

16. Office of the Director of National Intelligence, “Iran’s Nuclear Weapons Capability and Terrorism
Monitoring Act of 2022,” July 23, 2024, available at

https:// www.dni.gov/files/fODNI/documents/assessments/ODNI-Unclassified-Irans-Nuclear-Weapons-
Capability-and-Terrorism-Monitoring-Act-0f-2022-202407 .pdf.

17. C-SPAN, “Senator Graham News Conference on Hezbollah and Iran,” July 31, 2024, available at
https://www.c-span.org/video/?537475-1/senator-graham-news-conference-hezbollah-iran.
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While there’s no evidence that Iran has made up its mind to build a bomb, the
weakening of its deterrence against Israel’s attacks, as shown recently by the damage inflicted
on its ally, Hamas, and militia, Hezbollah, may motivate Tehran to pursue a nuclear deterrent.'8
If Iran makes such a decision while facing the pressure of Israeli or American strikes on its
nuclear facilities, Tehran would be able to make its bombs quickly and secretly.

The Major Features of China’s Atomic Bomb and Iran’s Nuclear Bomb

China’s experience developing its first atomic bomb can shed light on the question of
how soon Iran could build its first nuclear warhead. Major design features of China’s first
atomic bomb (coded as device 596, exploded in 1964) and first missile warhead (coded as
warhead 548, tested in 1966) are similar to Iran’s early weapons designs. Both the Iranian and
Chinese designs featured an implosion-type warhead design with a levitated HEU core, a
neutron initiator of UD3, and an advanced detonation wave focusing system. (For a more
detailed on Iranian and Chinese early nuclear weapons designs, see Appendix B.)

Many Westerners often assume, as John Lewis and Xue Litai did in their influential
book, China Builds the Bomb," that China designed its first atomic bomb with the same major
features as America’s Fat Man bomb, including the neutron initiator, the detonation focusing
system, and the non-levitated core design (except for the fissile material plutonium). However,
based on newly available Chinese sources, China’s initial design was very different from that
of Fat Man. 2

A neutron initiator, located at the center of a solid fissile core of an implosion-type
bomb, is one of the most important elements of a fission bomb. The initiator generates and
releases neutrons at a precise moment to trigger fission reactions in compressed fissile
materials. Lewis and Xue’s book assumed that device 596 used polonium-beryllium (Po-Be) as
its neutron source.?! From the beginning, however, China explored both the Po-Be source and
the uranium deuteride (UD3) and eventually selected UDs neutron source over the Po-Be
source. At the time, Chinese weaponeers believed the UD3 neutron source was safer and better
for weaponization than the Po-Be source. UDj is stable while Po-Be source has a short half-life
time (138.4 days) and needs to be regularly replenished due to radioactive decay. To generate

18. Laurence Norman Follow and Sune Engel Rasmussen, “ A Weakened Iran Still Has a Major
Deterrent: The Nuclear Option,” The Wall Street Journal, October 8, 2024, available at
https://www.wsj.com/world/middle-east/a-weakened-iran-still-has-a-major-deterrent-the-nuclear-
option-907¢3c34.

19. John Lewis and Xue Litai, China Builds the Bomb, Stanford University Press, 1988.

20. For more details about the technical history of China’s nuclear weapon development program (1955-
1996), see, Hui Zhang, China’s nuclear weapon development and testing, MIT press (Cambridge, MA),
Forthcoming, 2025.

21. Lewis and Xue, China Builds the Bomb, p.156.
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nuclear fusion with deuterium at the core, implosion shock waves must impact a narrow area of
the core. This precision will produce the high temperature and pressure needed to initiate the
fusion reaction. Given that accidental high explosive detonation cannot achieve such an
extreme condition, UDs is a much “safer match.”?? In fact, China used UDj as the neutron
initiator not only for its first atomic bomb, but also most of its first-generation nuclear
warheads.?* (For more information on China’s experience identifying a uranium deuteride
source, see Appendix C.)

China focused on designing the detonation wave focusing system, a key technical
challenge for the implosion-type bomb, at the same time. This system generates spherical
implosion waves to initiate the main high explosives (HE) charge, which, in turn, compresses
the fissile material core into the supercritical state that causes a nuclear explosion. Western
scholars often assume that China’s first atomic bomb used an explosive lens focusing system
like Fat Man,?* but this was not the case.

In fact, from the beginning, Chinese weaponeers focused on developing two focusing
systems: one was the same explosive lenses as used in Fat Man. Another was the detonation
wave focusing system, also referred to as a “tile” focusing system, which, in Chinese, referred
to a distinct roofing tile with a special space curve.?®> Unlike the explosive lenses made by using
high and low burning explosives, this “tile” focusing element was made only by high burning
explosives and a thin metal tile. In the design, high explosive detonation waves drove the metal
tile (or metal flyer). The metal “tile” (flyer) has a complex surface that reaches the spherical
surface of the main charge simultaneously, which causes it to detonate immediately.?°

While China’s weaponeers made significant progress on both types of focusing systems,
they selected the “tile” focusing system for China’s first atomic bomb. At the time, these
weaponeers believed the explosives lens approach was easier to achieve, given that the
boundary shape between the high and low explosives is known to follow the hyperboloid math
formula. However, the available high and low speed explosives would make the explosive lens
system a “bigger size, very stout and very bulky.”?’” Moreover, the low burning explosive lens
absorbed water more easily, making it more difficult to store and therefore weaponize. The tile

22. Tian Zhaoyun, Biograph of Yu Daguang, Aviation Industry Press, Beijing ,2015 (in Chinese), p.
264-265.

23. Zhang, China’s nuclear weapon development and testing.

24, Lewis and Xue, China Builds the Bomb, p.155.

25. The editing committee, Collections of 80 birthday of academician Chen Nengkuan, China Atomic
Energy Press, Beijing, 2003 (in Chinese), p. 30.

26. Gu Caiwei, ed., The Witness Said about “the cradle of the atomic bomb, Hunan Jiaoyu Press,
Changsha, 2014 (in Chinese), p.140. The book is based on lots of interviews with those who conducted
detonation experiments at the first site of detonation tests at suburb of Beijing -- Site 17.

27. Liang Dongyuan, The Atomic Bomb--Stories Behinds China’s First Atomic Bomb, The PLA Press,
Beijing, 2005 (in Chinese), p.252.
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focusing method was easier to weaponize, but was much more difficult to shape into the
complex space curve of the metal shell.?® They decided to tackle the advanced method of tile
focusing as the main target with explosives lens approach as a backup.? China used 32 “tile”
focusing elements to form a whole spherical shell system to initiate the main charge.?° Each
focusing element was initiated by a safe, fast-acting high voltage detonator (about one
microsecond).®! This focusing system had been used for China’s first atomic bomb and first-
generation warheads until the 1970s. At the same time, China made the high-quality, high-
powered explosive used as the main charge (a mixture of TNT and RDX) for its atomic
bomb.?? (For more information on China’s detonation wave focusing system, see Appendix D.)

Further, to make its first nuclear bomb smaller and lighter, China used a levitated core,
instead of the solid core used in Fat Man. A levitated core design separates the fissile material
pit from the tamper/reflector layer — or “flying layer” — with an air gap. Fat Man’s solid
plutonium pit was surrounded by a close-fitting tamper. This kind of air gap efficiently
compresses the fissile core, thus achieving a higher yield.** For such a levitated core, Chinese
weaponeers conducted many detonation experiments to determine the optimal dimensions of
the air gap and a way to connect the suspending fissile pit with the flying layer without
disturbing the implosion process.*

Consequently, with these advanced design features, China’s first atomic bomb had a
physics package weighted less than half of that of Fat Man’s but had a similar test yield of
about 20 kilotons. For instance, the physics package of Device 596 weighed less than 1,000
kilograms.*> In comparison, the Fat Man had a physics package weighted over 2,000
kilograms.®

In 1966 China tested its missile warhead 548 on a DF-2A missile—the only missile test
with a real warhead in China’s nuclear testing history. Warhead 548 had a test yield of 12

28. Gu Caiwei, ed., The Witness Said about “the cradle of the atomic bomb,” p.144-146.

29. The editing committee, Collections of 80 birthday of academician Chen Nengkuan, p.30.

30. Zhang Suochun, “596” --- the codename of China's first atomic bomb, Blogs of Science Net,
October 16, 1999, available at https://wap.sciencenet.cn/blog-39480-1204252.html?mobile=1.

31. Gu Caiwei, ed., The Witness Said about “the cradle of the atomic bomb, p.134-135.

32. Gu Caiwei, ed., The Witness Said about “the cradle of the atomic bomb, p.124-125.

33. Chuck Hansen, US nuclear weapons-the Secret history, A Division of Crown Publishers, Inc., New
Yok, 1988, p. 32.

34. Gu Caiwei, ed., The Witness Said about “the cradle of the atomic bomb, p. 158-170.

35. Fang Zhengzhi,et.al., Witness of the detonation of China’s atomic bomb, p.149. The witness of
device 596 recalled that the device itself (without the casing) was just over 900 kilograms. Based on this
witness description, their so-called “device” is likely the physical package as named in Western reports.
36. Hansen, US nuclear weapons: the secret history, p.31. As mentioned, the high explosive
components of Fat Man accounted for about half its weight (about 4600 kilograms). This means the
physics package could weight over 2300 kilograms.
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kilotons and assumed the design yield of 15 kilotons.?” The design of warhead 548 was mainly
based on the device 596 design, but with reduced size and weight of the major components
(including the HEU core), and altered for the unique missile flight environment.® Initial
blueprints clarified that warhead 548 had a weight over 450 kilograms (this total likely
describes its physical package and did not include the reentry vehicle [RV] body).>* While
there is no recent available authoritative information on the HEU mass in warhead 548’s core,
some assume it could weigh about 16 kilograms.*°

China designed this warhead in the 1960s. Over the last four decades, Iran has had
sufficient time to design a smaller and lighter warhead than China’s warhead 548 by using
more powerful explosives and advanced focusing systems. One method would be to increase
the HE ignition points and achieve the perfect spherical symmetry shock waves thus a better pit
compression. American early postwar bombs used 32-, 60-, and 92-point HE ignition
systems.*! To further miniaturize its fissile core (the primary for the hydrogen bomb), in the
1980s, China developed a new advanced ignition system (including the focusing system) and a
new type of powerful explosive, thus making the nuclear device several times thinner and much
lighter than the early ones. At the time, Chinese weaponeers believed other countries, such as
the United States, the Soviet Union/Russia, the United Kingdom, France, and Germany could
have applied its new initiation system in conventional weapons or R&D since the 1970s.%?
While they did not specify the system, these weaponeers were likely referring to a kind of
multi-point initiation (MPI) system, as Iran pursued.

Iran designed a 10kt implosion-type HEU warhead with major features of a levitated
core, UDs neutron initiator, and an advanced focusing system (a MPI system) (see figure 1).43
As detailed in the appendices, Iran had conducted extensive work and detonation experiments

37. Song Binghuan, “The past of the missile nuclear warhead test,” The Magic Sword (Chinese
Magazine), 2006, No.4.

38. Xi Quxin, A Biograph of Zhu Guangya, Renmin Press, Beijing, 2015 (in Chinese), p.392.

39. See, e.g. Libya's warhead blueprints based on Chinese designs, Feb. 17, 2004, Taipei Times,
available at https://www.taipeitimes.com/News/world/archives/2004/02/17/2003099082. According to
this report, one expert who viewed the warhead blueprints submitted by Libya said the drawing was a
Chinese warhead tested in 1960s and had a weight more than 450 kg. As mentioned in this paper, the
warhead blueprints was supplied by A.Q. Khan, and the DF-2A warhead 548. It should be noted that the
450kg device would be mainly the weight of the physical package.

40. It could be based on the following report: in March 2004, 16 kg of 80% enriched HEU in fresh fuel
was shipped from an operating Libyan research reactor to Dimitrovgrad, “Libya sends Tajura HEU to
Russia, prepares to convert reactor to LEU Nuclear Fuel,” Nuclear Fuel, March 15, 2004, p. 4. It should
be noted that the 16 kg of 80% HEU fuel would be equivalent to about 14kg of 90% HEU.

41. Hansen, US nuclear weapons-the Secret history, p. 31.

42. Wu Mingjing and Ling Yan, Chen Nengkuan—the most memorable commitment, Shanghai Jiaotong
University, Shanghai, 2015 (In Chinese), p. 114-115.

43. Albright and Burkhard, Iran’s Perilous Pursuit of Nuclear Weapons.
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on those major components by 2003. Based on the assessments in Iran’s “Nuclear Archive,”
Iran had completed this nuclear weapons design by 2003.# (See Appendix B.)

Iran developed an MPI system (as the shock wave generator) with help from a Soviet
nuclear weapon design program expert.*> The Institute for Science and International Security
estimated the system had a thin spherical shell of roughly one centimeter in thickness, and an
inner and outer diameter of 53 and 55 centimeters, respectively. Thus, the nuclear device
(without the RV) would have a diameter of about 55 centimeters.*® In addition, Iran developed
a more powerful HE-Octol than the RDX explosives used in China’s warhead 548. These
advances in the focusing system and HE would make Iran’s bomb further smaller and lighter
than warhead 548.

As an estimate, if Iran uses modern materials (e.g. carbon fibers) for its RV, and
assuming the RV weight accounts for about one third of the total weight of a warhead and the
physical package weighs less than 450 kilograms of warhead 548’s physical package, Iran’s
warhead could weigh less than 750 kilograms. If so, it could be easily delivered by Iran’s
planned Shahab-3 missile, which has a warhead payload of 760-1,200 kg for a range of 800-
1300 km.*’

44. Arnold, Bunn, Chase, Miller, Mowatt-Larssen and Tobey, “The Iran Nuclear Archive: Impressions
and Implications,” Harvard Kennedy School Belfer Center, April 2019, available at
https://www.belfercenter.org/publication/iran-nuclear-archive-impressions-and-implications.

45. International Atomic Energy Agency, “Implementation of the NPT Safeguards Agreement and
Relevant Provisions of Security Council Resolutions in the Islamic Republic of Iran,” GOV/2011/65,
Annex C (Vienna: [AEA, November 8, 2011). David Albright and Olli Heinonen, “Shock Wave
Generator for Iran’s Nuclear Weapons Program: More than a Feasibility Study,” Institute for Science
and International Security, May 7, 2019, available at https://isis-online.org/isis-reports/detail/shock-
wave-generator-for-irans-nuclear-weapons-program-more-than-a-feasibil.

46. Albright and Burkhard, Iran’s Perilous Pursuit of Nuclear Weapons, p. 44, p. 73-75.

47. CSIS, “Shahab-3 Missile,” available at https://missilethreat.csis.org/missile/shahab-3/.
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Figure 1: A nuclear weapon schematic from the Iran Nuclear Archive as presented by
Prime Minister Benjamin Netanyahu on April 30", 2018 (English translations added by the
author).

It is not clear if Iran’s bomb design was based on a foreign atomic bomb design.
According to Israel’s assessments of the uncovered Iranian archive, it is possible that Iran
refined several foreign weapons designs to develop its own.*® The A.Q. Khan nuclear black-
market network reportedly transferred a Chinese warhead design to Libya.*” That design was
believed to be “China’s CHIC-4 bomb design” (the warhead exploded in China’s fourth test,

48. Arnold, Bunn, Chase, Miller, Mowatt-Larssen and Tobey, “The Iran Nuclear Archive: Impressions
and Implications,” p. 7.

49. Joby Warrick and Peter Slevin, “Libyan Arms Designs Traced Back to China,” Washington Post,
February 14, 2004, available at https://www.washingtonpost.com/archive/politics/2004/02/15/libyan-
arms-designs-traced-back-to-china/2aacac24-4d49-4198-9aa0-7d68962fd8c2/; R. Jeffrey Smith

and Joby Warrick, “A nuclear power's act of proliferation,” Washington Post, November 12, 2009,
available at https://www.washingtonpost.com/archive/national/2009/11/13/a-nuclear-powers-act-of-
proliferation/a6d44bce-1197-4b90-al13f-bea9f8b3038a/.

12


https://www.washingtonpost.com/archive/politics/2004/02/15/libyan-arms-designs-traced-back-to-china/2aacac24-4d49-4198-9aa0-7d68962fd8c2/
https://www.washingtonpost.com/archive/politics/2004/02/15/libyan-arms-designs-traced-back-to-china/2aacac24-4d49-4198-9aa0-7d68962fd8c2/
https://www.washingtonpost.com/archive/national/2009/11/13/a-nuclear-powers-act-of-proliferation/a6d44bce-1f97-4b90-a13f-bea9f8b3038a/
https://www.washingtonpost.com/archive/national/2009/11/13/a-nuclear-powers-act-of-proliferation/a6d44bce-1f97-4b90-a13f-bea9f8b3038a/

Lessons from China: How Soon Could Iran Get the Bomb?

i.e. DF-2A warhead 548), which China later gave to Pakistan in 1980s.°° In 2004, after the
revelation of Libya’s nuclear program, A.Q. Khan, a key figure in Pakistan's nuclear weapons
program, acknowledged that he provided centrifuge-relevant nuclear technology, components,
and equipment to Iran, Libya, and North Korea.’! However, Khan did not clarify if Iran ever
received the warhead 548 design as Libya did. In 2019, Israeli government officials briefed
David Albright that A.Q. Khan’s network had provided at least one nuclear weapons design to
Iran, but that the design was shared relatively late.>? Despite these claims, Albright believed
“Iran’s bomb design appears to be entirely indigenous.”?

Whether Iran’s bomb design was entirely indigenous or referenced foreign bomb
designs remains to be seen. But, given the similarities between Iran’s bomb and China’s
596/548 atomic bomb, a discussion on the technical bottlenecks and timelines of China’s bomb
development could shed on Iran’s bomb development timelines.

As Iran is shortening the “breakout time” of weapon grade uranium production to
“days”, one major question is how quick Iran can make a complete nuclear weapon. As detailed
in the appendices, China’s experience and assessments on Iran’s nuclear programs suggest Iran
would take about three or five weeks to make a nuclear weapon, instead of many months or a
year as some experts argue.

When making its first atomic bomb, China developed the non-nuclear components, e.g.
weapon design, neutron source and a focusing system, in parallel with HEU production and
completed all non-nuclear components prior to the completing HEU production. Once China
produced enough HEU fuel, it took about three or five weeks to complete its first atomic bomb.
Similarly, the seized Iran Nuclear Archive shows Iran had intensively worked on all those non-
nuclear components in parallel with centrifuge uranium enrichment project during the Amad
Plan between 1999 and 2003. Given that the proposed Iranian bomb design shared the same
major design features as those of China’s bomb and that Iran also pursued parallel non-nuclear
component and HEU production, Iran probably mastered nearly all major non-nuclear
components during the Amad Plan. Post-Amad Plan, Iran has probably even improved some of
them. Consequently, after a “breakout” of HEU fuel, as Chinese case shows, the significant
time to make a bomb is dependent on how quickly weaponeers can convert the fuel to the metal

50. Thomas Reed and Danny Stillman, 4 Political History of the Bomb and Its Proliferation, 2009, p.
252.

51. Betsy Reed, “Pakistan admits nuclear expert traded with Iran,” Guardian US, March 2005, available
at https://www.theguardian.com/world/2005/mar/10/iran.pakistan.

52. Albright and Burkhard, fran’s Perilous Pursuit of Nuclear Weapons, p. 44.

53. Joby Warrick, “Stolen records show Iran overcoming key hurdles in 2003 quest for a nuclear
bomb”, The Washington Post, May 14, 2021, available at https://www.washingtonpost.com/national-
security/iran-nuclear-bomb-design-capability/2021/05/14/a47¢75cc-b4{8-11eb-ab43-
bebddc5a0f65_story.html
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components (as a bomb core). As noted, this process took China only about three or five weeks.
Given Iran already has more experience making uranium metal than in China’s case, it can be
expected that Iran would take no more time than China to complete this final step. Eventually,
Iran would take about three or five weeks to make a bomb once has a “breakout” of HEU.

Technically speaking, Iran is becoming a nuclear threshold state. Once Iran’s Supreme
Leader decides to move forward with weaponization, Iran can quickly build a nuclear weapon.
Indeed, since 2022 Iranian officials have talked openly about its nuclear bomb prospects and
technical readiness for a weapon. Recently, Kamal Kharrazi, an adviser to Iran’s supreme
leader, stated that Iran may review its nuclear doctrine.>* Meanwhile, nearly 70 percent of
Iranians now would like the country to have nuclear weapons.>

The author believes, if Washington hopes to prevent Iran from building nuclear
weapons,>S its best bet is to resume direct bilateral talks, either privately or publicly. In his
view, military strikes on Iran’s nuclear facilities would not prevent Iran’s nuclear proliferation
goals in the long-term (unless Iran is occupied permanently or regime changed) and could
further drive Iran to go nuclear (if not yet).

54. Reuters, “Iran adviser hints at expansion of missile range, nuclear doctrine review after Israel
strikes,” November 1, 2024, available at https://www.reuters.com/world/middle-east/iran-adviser-hints-
expansion-missile-range-nuclear-doctrine-review-after-israel-2024-11-01/

55. Peyman Asadzade, “A majority of Iranians now favor possessing nuclear weapons. Their leaders
take note,” Bulletin of the Atomic Scientist, June 13, 2024, available at https://thebulletin.org/2024/06/a-
majority-of-iranians-now-favor-possessing-nuclear-weapons-their-leaders-take-note/.

56. Iran International, “All Options Are On Table Against Iran, US Repeats,” June 5, 2023, available at
https://www.iranintl.com/en/202306058135.
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APPENDICES

In the following appendices, I will detail China’s major hurdles and experiences making
its first atomic bomb, including the weapon design, neutron sources, focusing system, “cold”
tests, and uranium metal components production. Given that the proposed Iranian bomb shared
major design features with China’s bomb, I use the Chinese experience to make an assessment
on Iran’s weaponization.

APPENDIX A: China’s Early Nuclear Weapon’s Development

From the beginning of its atomic bomb program, China worked on all weaponization
projects in parallel with its HEU production. Thus, as China produced its first batch of HEU
fuel in January 1964, all non-nuclear components were ready by 1963. Meanwhile, China had
prepared for HEU metal converting, casing, and machining projects well in advance.
Consequently, after the production of HUE fuel, the timing to make a bomb took essentially
three and five weeks.

China initiated its nuclear weapon program on January 15%, 1955. 57 To speed up its
mastery of atomic bomb and missile technology, Beijing actively sought Soviet assistance. In
1956, Beijing and Moscow signed an agreement to assist China in building a uranium gaseous
diffusion plant and a plutonium production reactor.’® In 1957, both countries signed the “New
Defense Technical Accord,” which committed the Soviets to supply the full technical data for
an atomic bomb model and its production.’” In 1958, with assistance from Soviet experts,
China began to locate and construct the nuclear fuel production facilities, the nuclear weapons
research and design base in Qinghai province (Base 221/Plant 221), and the Lop Nur nuclear
test site in Xinjiang. At the same time, while waiting for Base 221 construction, the Second
Ministry of Machine Building, which oversees China’s nuclear fuel and nuclear weapon
production, established the Beijing Nuclear Weapon Institute (called Ninth Institute) to receive
the atomic bomb model and study Soviet data and technology about the atomic bomb.°

57. Li, et al., eds., China Today: Nuclear Industry, p. 13-14.

58. See details on the history of China’s HEU and plutonium production, Hui Zhang, China’s Fissile
Material Production and Stockpile, IPFM Research Report No. 17, January 2018, (Princeton, NJ:
Princeton University), available at http:/fissilematerials.org/library/rr17.pdf.

59. See, e.g. Song Binghuan, “The real experience of China's nuclear weapons test site survey and
location,” Military History (Chinese magazine), No.3.2013. Song was a key writer of Chapter 7 on
China’s nuclear weapons testing for Xie Guang, eds., China Today: Defense Science and Technology.
For the work, Song had accessed to and checked lots of original files.

60. Gu, ed., The Witness Said about “the cradle of the atomic bomb”, p.6-7. The book is based on lots
of interviews with those who conducted HE development, detonation experiments, and detonation wave
focusing element at the Site 17 at Beijing suburb, often called Chinese “cradle of the atomic bomb”.
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Most importantly, on July 15, 1958, three Soviet experts visited Beijing to check the
preparation work in receiving the atomic bomb model and delivered a lecture on the Soviet
RDS-2 model, which the Soviets planned to supply under the 1957 Accord.®! The Soviet Union
tested the RDS-2, a levitated core with plutonium-239, on September 24", 1951 and produced a
yield of 38 kilotons.%> The RDS-2 model gave Chinese weapon designers the guidance to begin
their own efforts. Song Rengiong, then-Minister of the Second Ministry, participated in the
lecture and ecalled that, “what they talked about, after all, was just a theoretical concept, not an
engineering design, and some of the data (Chinese designers conducted the famous “Nine
Calculations” trying to repeat one of the data as discussed in this paper) was simply wrong.
However, Song also emphasized that, “This talk was helpful for China’s early work on
developing atomic bombs. It enabled us from the beginning to carry out work in parallel on
aspects of theory, testing, design, and production. It played a leading role, accelerated the
process of developing the bomb, and saved some time.%*

9963

But, while many major relevant nuclear facilities were at the peak of construction, in
June of 1959, Moscow sent Beijing a letter formally refusing to provide the atomic bomb
model and technical data. Since then, the Second Ministry followed the central government
policy and relied on China's own capabilities to complete the task of developing the atomic
bomb. 6 China formally codenamed its first nuclear bomb product “596” to commemorate the
special date of June 1959.

In the subsequent developments, besides the HEU production, the weaponeers had met
major challenges from the non-nuclear components, including weapon designs, a neutron
initiator, and the detonation wave focusing system. Weaponeers made major breakthroughs on
all these projects by late 1962. However, China’s fissile materials production was still far from
complete. Given the plutonium production reactor was still at an early construction stage when
the Soviet experts left, China decided to prioritize HEU production and postponed the
plutonium project.®® By late 1962, the Lanzhou enrichment plant completed the installation of
the cascades. Then, the Second Ministry ordered the plant to produce the HEU within 14
months, i.e. by about January 1964. To do so, the engineers of the plant had to rearrange the

61. Xue Jianyan, “The Nine Calculations — the landmark event of China’s First Atomic Bomb Theory
Breakthrough,” Liangzi Story (blog), October 11, 2011. Liang, The Atomic Bomb--Stories Behinds
China’s First Atomic Bomb, p.190-195.

62. See, e.g., Global Security, “RDS-2”, available at
https://www.globalsecurity.org/wmd/world/russia/rds-2.htm, and Xie above; Xue Jianyan, “The Nine
Calculations — the landmark event of China’s First Atomic Bomb Theory Breakthrough.”

63. Song Renqiong, The Memoir of Song Rengiong, PLA Publisher, Beijing, 1994 (In Chinese), p.348-
349.

64. Ibid.

65. Li, et al.,eds., China Today: Nuclear Industry, p. 258.

66. Zhang, China’s Fissile Material Production and Stockpile.
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cascades from the original arrangement suggested by the Soviet experts. Eventually, on January
141964, the plant began to produce its HEU (about 93.5 percent U-235).%” From the plant
construction (1958) to the HEU production (1964), it took about 6 years, making it the most
time-consuming step among all Chinse atomic bomb programs.

To speed up exploding China’s nuclear bomb, in September 1962, the Second Ministry
proposed a "two-year plan” with the goal to detonate the first atomic bomb in 1964 — certainly
no later than the first half of 1965.°% In November 1962, Mao Zedong approved the plan and
agreed to establish a central special commission for implementation. Mao instructed that, “Act
accordingly. [All departments concerned] should vigorously carry out coordination and
cooperation so as to complete this [strategic] program.”®

To ensure that this “two-year plan” concluded on schedule, the Second Ministry
emphasized a parallel way to conduct all subjects. They took approaches of “reverse
scheduling” and “sequential scheduling”.”® Reverse scheduling is to arrange the work of each
subproject from the final completion date to the starting stage to expose the contradictions in
the connection of each subproject. Sequential scheduling means arranging work in the order in
which it moves forward to the final date, so as to arrange the progress, determine human
sources, time, tasks, and measures, so that the plan can be implemented step by step. On this
basis, it will carry out a comprehensive balance of the entire weaponization projects, so that all
projects are connected in sequence, matched well with each other, and linked closely.

67. It was reported that China's first seven nuclear weapon tests all used highly enriched uranium
(93.5% U-235) as primaries. See, Dan Stillman, “Inside China's Nuclear Weapons Program,” October
10, 2001, available at http://web.mit.edu/SSP/seminars/wed_archives01fall/stillman.htm.

68. Xie Guang, eds., China Today: Defense Science and Technology, National Defense Industry Press,
Beijing, 1993 (in Chinese), vol. 1, p. 65.

69. The Editing Committee, “Collections of 80 birthday of Academician Zhu Guangya,” China Atomic
Energy Press, Beijing, 2004 (in Chinese), p. 29. This famous saying by Chair Mao had been widely
advocated in China’s nuclear weapon development.

70. Li, et al.,eds., China Today: Nuclear Industry, p.50-51.
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APPENDIX B: China and Iran: The Weapon Designs

In April 1960, Deng Jiaxian, Director of the Theoretical Division of the Weapon
Institute and the father of China’s atomic bomb, led his group to study the principles, concepts,
and data of the RDS-2 model as presented by three Soviet experts in 1958. However, after his
team conducted nine rounds of calculations over six months, they were not able to repeat one
important parameter, despite all others being consistent to the Soviet data as presented.”! This
parameter was the center implosion pressure from the high explosive shockwaves, required to
press the fissile core to a supercritical status.”

While all the calculations had a similar result of the central pressure under
considerations of new physical effects and different mathematical models, it was always
smaller than that of Soviet data. Even though the designers believed that clear physical process
and repeated similar results showed that their calculation was indisputable. However, they
thought they still did not have the theoretic evidence necessary to refute the Soviet data
outright.

In May 1961, Zhou Guangzhao joined the Theoretical Division as a Deputy Director.
He applied the principle of maximum work of explosive energy and proved that even though all
the HE energy was used to generate the implosion pressure, it was still not able to arrive at the
Soviet’s value. Thus, he confirmed the data the Soviets provided was impossible, and that the
Chinese calculations were correct.”® This breakthrough cleared up the key obstacle to design
China’s first atomic bomb, and pushed the process of the overall calculation for the nuclear
fissions to continue.”* The “Nine Calculations” has been emphasized as a key milestone in the
history of China’s first atomic bomb design. 7°

After the designers deepened their understanding through the nine calculations about
the pre-nuclear implosion process — the process before the start of the nuclear chain reaction —
they further studied the post-nuclear explosion, the explosion process after reaching super-
criticality, and acquired lot of data. By late 1961, Mathematician Qin Yuanxun and others used

71. Xue, “The Nine Calculations — the landmark event of China’s first atomic bomb theory
breakthrough;” Liang, The Atomic Bomb--Stories Behinds China’s First Atomic Bomb, p. 237-238.

72. Yang Liantang, former director of the main archives of the CNNC (original Second Ministry), “Say
Something about 596,” Liangzi Story, October 12,2021.

73. Xie Guang, eds., Xie Guang, eds., China Today: Defense Science and Technology, vol. 1, p. 202.
74. Wang Jianguo, “Strengthening the basic research and deepening the physical understanding-

Zhou Guangzhao and China’s Nuclear Weapons Enterprise,” Physics (Chinese magazine), No. 4, 2024.
75. The collection project group, “The memorable Ninth Calculation,” Chinese Scientist (Chinese
magazine in Chinese), August 22, 2020.
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an "artificial subcriticality method" to complete overall calculations for the energy released by
nuclear materials after compaction to super-criticality. 7

Beginning in 1962, the designers focused on designing their own HEU bomb. To help
the theoretic group design the weapon, the detonation experiment group conducted many high
explosive tests (referred to “hydrodynamic experiments”) at a smaller test site in a Beijing
suburb known as “Site 17.” Site 17 is often mentioned as “the cradle of China's atomic
bomb.””” To establish and improve the “equation of state” data for the core and flyer materials
(including tamper and reflector) under high pressures, Chinese weaponeers used the flat
explosive lens (i.e. two layers of low and fast explosives), e.g. a flat 100 lens [a diameter of
100 mm] and flat $200 lens, to generate the high pressure up to one million bar (1Mbar) —in
which the explosive lens ignites the main HE charge to produce shock waves driving the flyer
to shot the core with increasing pressure.’® Meanwhile, to study the movement status of the
flyer across the airgap, the weaponeers used optical methods such as Argon flash.” They also
carried out detonation tests to determine the airgap dimension and the supporting structure
between the core and flyer.?°

Eventually, after many theoretical calculations and analysis and close collaboration with
the detonation physics experiment group, the designers had a relatively systematic
understanding of the performance of an implosion-type HEU bomb. Meanwhile, the
weaponeers had made breakthroughs on the other major components of its atomic bomb—
including the detonation wave focusing system and neutron initiator. Thus, by the end of 1962,
they had mastered the basic theories and key technologies for designing China’s atomic
bomb.#! Finally, in March 1963 they completed the design of China’s first atomic bomb 596.3?

As China’s case shows, China made the breakthrough of weapon design by mastering
design principles through its famous “Nine Calculations” in the early stage. In later stages, it
seems there were no major bottlenecks for its device 596. The Chinese experience took about
one year to break through the weapon design. Designing missile warhead 548 was relatively
straightforward, as it was based on the device 596 design with a reduced size and weight.®’

76. Li, et al., eds., China Today: Nuclear Industry, p.267; Xie Guang, eds., China Today: Defense
Science and Technology, vol. 1, p. 202.

77. Gu, ed., The Witness Said about “the cradle of the atomic bomb,” p. 49-60.

78. Gu, ed., The Witness Said about “the cradle of the atomic bomb,” p. 105-106.

79. Gu, ed., The Witness Said about “the cradle of the atomic bomb,” p. 182.

80. Gu, ed., The Witness Said about “the cradle of the atomic bomb,” p. 171-174.

81. Li, et al., eds., China Today: Nuclear Industry, p. 258.

82. Xie, eds., Xie Guang, eds., China Today: Defense Science and Technology, vol.1, p.202.

83. Xi, A Biograph of Zhu Guangya, p.392.
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In Iran’s case, according to the Iran “Nuclear Archive”, as reported in late 2001 or early
2002,% Iran scheduled the timeline of “research and design of core” from May 25%, 2000, to
July 10™, 2002, and 73 percent of the task was completed at the reported time. Iran completed
the calculation and simulation of the system by March 20, 2001. After the research on core
design, it scheduled to design the warhead core from August 1%, 2001, to July 10, 2002, and 29
percent of the task was completed at the reported time. Given the total time for the core design
was about one year, one could expect Iran would complete the remaining core design work
from early 2002 to late 2003 when the Amad Plan ended.

In practice, as the archive shows that, during the Amad Plan, Iran carried out many
detonations tests at the Parchin site that would contribute to the weapon development.®> In
particular, from October to December 2002, Iran conducted tests at Sanjarion site 3¢ that would
likely serve for the “equation of state” data for the core [surrogate] material and the flyer under
high pressures, including the “1 Mbar Gun” tests [likely a device creating 1 million bar
pressure] and the flat “$80” [a diameter of 80 mm] and flat “R80” [a diameter of 160mm]
distributor tests [likely used to generate the high pressure as China’s case shows]. As China’s
case shows, those tests could be used to study the movement status of the flyer across the
airgap, and the Argon flash could be used for the purpose.

When Amad Plan ended in 2003, Iran likely had completed its nuclear weapons
design.’’
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APPENDIX C: China and Iran: Identifying the Uranium Deuteride
Neutron Source

Starting in early 1960, China began work on neutron sources at the Institute of Atomic
Energy (also known as Institute 401). To speed up development, China initiated three separate
working groups with three separate end goals: A UD3 neutron source (Code 9501); a neutron
tube (external neutron source, Code 9502); and a Po-Be source (Code 9503).%3

Wang Fangding led the group working on the UD3 neutron source. He understood that
making such a source was relatively simple process technology and that several processes had
already been introduced by foreign publication. However, such processes required high quality
equipment that China did not have at the time. Thus, Wang Fangding had to use existing
Chinese facilities to make the UD3 source.®® His experiments started in the fall of 1960. After
hundreds of experiments, Wang’s group successfully developed the qualified, stable neutron
source materials in July 1961. Wang’s achievement making the UD3 neutron source is seen as a
breakthrough in China’s history of atomic bomb development. This work took about ten
months. In July 1962, the weapon institute selected the UD; as the major neutron source and the
other two working group projects as backups.”® (In fact, at the time, the neutron tube was not
useful for the solid core needed an internal neutron initiator, but it was necessary for the later
gas-boosted core or primary of Chinese second-generation warhead developed in 1980s). At the
time, Chinese weaponeers believed the UDs source was a much “safer match”. °!

In December 1962, the weapon institute ordered the UDj initiators from Institute 401
with specified parameters and required the product around the mid-1963. The product, which
was the size of a Ping Pong ball, was a copper shell packaging with the powder of UD3
materials.”?> The total time Chinese weaponeers took from beginning UDs3 materials research
(fall 1960) to the production of initiator device (mid-1963) took only about 33 months. The
initiators had been used successfully in several cold tests since late 1963. In December 1963,
the UD; initiator passed the final appraisal to be used for the atomic bomb. (For more
information on China’s cold testing efforts, see Appendix E.)

The Chinese experience shows that the breakthrough of UDj; initiator development to
make the stable UD3; materials took about 10 months. It appears China’s weaponeers faced no

88. Shi Chunli, Biograph of Wang Fangding, China Science and Technology Press, Beijng 2017 (in
Chinese), p. 59-61.

89. Shi, Biograph of Wang Fangding, p. 65-66.

90. The editing committee, Collections of 80 birthday of academician Zhu Guangya, p.26, p.313.
91. Tian, Biograph of Yu Daguang, p. 264-265.

92. Kong Xiangshun, “Experienced the development of atomic bombs and hydrogen bombs - the
development and production of neutron generators,” Liangzi Story, June 25, 2017, available at
https://mp.weixin.qq.com/s/8cEs_107x-XcCb6IAppBSQ.
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major technical barriers in the engineering designs and manufacturing of the UDjs initiator (not
an ordinary business yet). In fact, when the weaponeers completed the weapon design in March
1963, the UD; materials had been made, but the initiator device itself had not been used in any
detonation experiments that happened after mid-1963.

In Iran’s case, according to the “Nuclear Archive” as reported in late 2001 or early
2002, Iranian weaponeers scheduled the timeline of neutron source design and production from
March 2000 to November 2003.% This process took a total of 1144 days (about 38 months)
(see table 1). Iran scheduled for “research and design of source” from March 20, 2000 to
February 4, 2003 (about 30 months), and 60 percent of the task was completed at the time of
the report. Here, the “source” would be the initiator device (i.e. the ball shell filling with the
UD; materials). By the time of the report at the end of 2001, the “research and design of
source” phase had taken about 20 months—which could be long enough to master the process
of making qualified UD3 materials. As a comparison, China made such a breakthrough in the
first ten months. In China’s case, once Chinese weaponeers found ways to make the UD3
materials, they entered the next stage of the initiator design and production. This stage took
about 6 months, as discussed above. Thus, by late 2001, it is likely that Iran had at least entered
the device design stage. Indeed, as shown in the table 1, Iran had made some progress in
“technology and production of source” stage by this time. This indicates that, by the end of
2001, Iran could had made the breakthrough of making UD3 materials and could have
completed the design and began the production stage. In 2011, the IAEA reported on Iran’s
neutron initiator issues and stated that “Iran has undertaken work to manufacture small capsules
suitable for use as containers of a component containing nuclear material [neutron source
materials].” %4

Subsequently, Iran entered the testing stage with the product. Between September 2002
and April 2003, as the archive shows, Iran conducted eight detonation experiments with the
UD; initiators.”® This indicated Iran had produced the initiators for the testing. According to the
original schedule (shown in table 1), Iran planned to start the “test of source” in November
2002. The fact that they began the test in September 2002 indicates Iran advanced about two
months earlier.

In China case, they used UDj initiators mainly for large-scale detonation experiments of
reduced- or, full- size nuclear device (a kind of “cold” test) to examine whether the detonation
wave focusing system would be able to generate perfect shock waves at the core center

93. Albright and Burkhard and the Good ISIS Team, Iran’s Perilous Pursuit of Nuclear Weapons, p. 68-
70.

94. International Atomic Energy Agency, “Implementation of the NPT Safeguards Agreement and
Relevant Provisions of Security Council Resolutions in the Islamic Republic of Iran,” GOV/2011/65,
Annex C (Vienna: IAEA, November 8, 2011).

95. Albright and Burkhard and the Good ISIS Team, Iran’s Perilous Pursuit of Nuclear Weapons, p. 90
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acquiring enough high temperature to make the UD; to generate enough neutrons as designed.
In other words, once the initiators were used in detonation experiments, it indicates the UD3
techniques had been significantly achieved. In China’s case, the major challenge to produce a
UD:; initiator was making the UD3 materials itself. China’s weaponeers faced no major
technical hurdles to produce the device. If Iran’s case were to mirror China’s, the fact that Iran
had conducted several detonation experiments with UDj initiators suggests Iran likely had
made a breakthrough on the UDj3 neutron source by 2003 when the Amad Plan ended. As
discussed in the following “cold test” case, Iran had conducted a kind of “cold test” with a UD3
initiator in February 2003. After the Amad Plan ended in 2003, Iran would be able to further
improve its neutron initiator. (For more information on Chinese and Iranian cold testing efforts,
see Appendix E.)

Table 1: Neutron source design and production schedules as revealed in Iran Nuclear

Archive. %

Activity Duration Start End Actual
(days) progress

Research and design of 903 March 30, 2000 Feb. 4, 2003 60%
source
Safety and health 262 April 21, 2002 Feb. 19,2003 0%
Technology and 419 Dec. 19, 2001 April 20, 2003 6%
production of source
Test of source 244 Nov. 27, 2002 Sept. 7, 2003 18%
Re-design of source 74 July 7, 2003 Sept. 30, 2003 0%
Final editing of technical 81 Aug. 11, 2003 Nov. 12, 2003 0%
knowledge of the source

Note: The neutron source task of the Operating System Project took a total 1144 days from
March 30, 2000, to Nov.12, 2003. By late 2001 or early 2002, the whole task was about 26
percent complete.

96. Albright and Burkhard and the Good ISIS Team, Iran’s Perilous Pursuit of Nuclear Weapons, figure
3.7,p. 70.
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APPENDIX D: China and Iran: Designing a Detonation Wave
Focusing System

Designing the detonation wave focusing system was a major challenge Chinese
weaponeers faced in China’s first atomic bomb development. In April 1961, China’s weapon
institute leadership decided to work on two focusing systems—the explosive lenses as used in
the Fat Man and a “tile” focusing system.®’

Cheng Nengkuan, a key figure in China’s atomic bomb development, led a group to
work on the “tile” focusing element. Unlike the explosive lenses with two layers of high and
low burning explosives, the “tile” focusing element was made only by high burning explosives
and a thin metal shell (known as a “tile”). Based on topology, they used 32 “tile” focusing
elements to assemble a spherical shell.”® After many calculations on the complicated curved
surface of the tile, the group designed the first focusing element in mid-1961. Cheng named the
focusing element Coordinate No.1 and modified it through a series of detonation physical
experiments.”” Meanwhile, by theoretical calculations and detonation experiments, the group
determined the effect mass of the explosives, ensuring that its detonation would drive the tile to
reach the spherical surface of the main HE charge simultaneously and cause it to detonate
immediately.!? The group further designed Coordinate No. 2, 3, and 4.

In July 1962, as weaponeers made significant progress on both types of focusing
systems, weapon institute leaders decided to use the tile focusing system in its first atomic
bomb and finalized the design of the focusing element in November 1962.!%! Thus, it took
about 19 months (from April 1961 to November 1962) for Chinese weaponeers to complete the
focusing system. In 1963, they conducted a series of detonation experiments for the partial or
full assembly with reduced-size or full-size focusing elements, including a few “cold tests.”

China used this kind of focusing system for its first generation of nuclear warheads.!%?

From October 1960 to November 1961, Chinese weaponeers developed a safe, fast-
acting high voltage detonator (less than microsecond). ! By April 1962, after one-year effort,
they produced a high-quality main charge for its atomic bomb.!** Thus, by the end of 1962,

97. Wu and Ling, Chen Nengkuan—the most memorable commitment, p. 89; The editing committee,
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China had made breakthroughs on almost all those non-nuclear components, about one year
earlier than it first HEU production in January 1964.

In Iran’s case, the Iranian Nuclear Archive reveals that Iran had actively developed a
focusing system — a detonation wave distributor [one kind of multi-point initiation (MPI)
system] under the Amad Plan (1999-2003), with help from a “foreign expert” from the Soviet
nuclear programs. ' While some MPI systems are publicly available and applied in
conventional munitions, given that the specifics of Iran’s system are not yet definitively known,
it is difficult to make a comparison with the Chinese case.

It is estimated that the distributor consists of two hemispherical shells with a thickness
of about 1 cm and an outer diameter of 55 cm. If these estimates are correct, Iran’s warhead
would be small enough to be carried by a Shahab-3 missile.!%

According to Iran’s Nuclear Archive, the MPI project was initiated in May 2000 and
scheduled to complete by October 2003. As of late 2001 or early 2002, Iran had finished about
45 percent of the MPO project tasks. In late 2002, Iran’s weaponeers updated the schedule with
an expected completion time of July 2003 (about two months earlier than originally planned).
At the time of this update, 58 percent of MPI tasks had been completed.!?” Tran’s shortened
schedule likely indicates that Iranian weaponeers had confidence they could achieve the goal in
time. As the Archive revealed, between October and December 2002, Iran conducted three
synchronized tests of a reduced-scale distributor with primary HE charges. Later, in 2003, they
conducted a full-scale, hemispherical test of the distributer-!%®

Meanwhile, as the IAEA reported in 2011, Iran had developed fast functioning
exploding bridgewire detonators or EBWs for its MPI system in 2002-2003.!% Indeed, as the
archive shows, from November to December 2002, Iran conducted two EBWs tests (with seven

and eight detonators at Sanjarion site. !1°

Eventually, as China’s case shows, China made the breakthrough of focusing system in
about 19 months. It would be no surprise for Iran to master the MPI technique over 40 months

105. Albright and Heinonen, “Shock Wave Generator for Iran’s Nuclear Weapons Program: More than
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(May 2000 - late 2023) when the Amad Plan. Iran has also had time to further improve its MPI
system. As Jane’s International Defense Review reported in 2008, Iran had actively pursued a
relatively advanced multipoint initiation (MPI) nuclear implosion detonation technology for
some years, and Iran had tested the MPI system and found it “good enough” for a nuclear

weapon.!!!

111. Mark Harrington, “Evidence Emerges of Iran’s Continued Nuclear Weapons Research,” Jane’s
International Defense Review, March 13, 2008.
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APPENDIX E: Chinese and Iranian “Cold” Testing Efforts

After Chinese weaponeers finalized the “tile” focusing elements at the smaller
detonation test site (Site 17) near Beijing at the end of 1962, they moved to Qinghai nuclear
weapon base (plant 221) to continue larger scale detonation tests. During the summer and fall
of 1963, the experiment division conducted a series of explosive detonation tests of partial and
fully assembled focusing elements with reduced-size or full-size versions. Through this, they
gained a rather comprehensive understanding of the implosion process.!!? To examine theoretic
designs, the neutron initiator, and the “tile” focusing system, Chinese weaponeers prepared to
conduct several “cold” test to make sure the “tile” focusing system enabled the neutron initiator
to release enough neutron as demanded.''3> On November 20", 1963, they conducted the first
major “cold” test — a smaller scale nuclear device 596 with a surrogate core and tamper (likely
materials other than uranium metal). The UD; neutron source was used for the first time, and
successfully generated neutrons. One month later, on December 24", 1963, they successfully
conducted another “cold test” of a 1:2 scale nuclear device, which further confirmed the
theoretical design and designs of the “tile” focusing system and UDs initiator. At the time,
Chinese weaponeers believed almost everything was ready for the first ‘hot” nuclear test in
1964, except the HEU.!!'* In fact, most Chinese weaponeers addressed this scaled-down “cold”
tests was one key step toward the “hot” test.

Finally, on June 6™, 1964, they conducted the last “cold” test of a full-scale nuclear
device that had all the same components as device 596 except for a surrogate core of natural
uranium. According to descriptions by a witness, this test was the first time China used natural
uranium in the device, which indicates the former tests did not use natural uranium in either the
core or the tamper. Even though the UD; source contained the natural uranium, given it was a
much small amount, it seemed they neglected it during the former cold tests.!!> The witness
addressed that, given this test contained the natural uranium, participants were required for the
first time to wear safety clothes to protect them from uranium contamination and thoroughly
bathe after the test. The team was also required to clean the site after the dust had settled.

Thus, after these “cold” tests, Chinese weaponeers had much confidence on the coming
“hot” nuclear test. In fact, even without a hot test, their confidence in a workable HEU bomb
was still high, given the HEU bomb, unlike the plutonium bomb, had a very low spontaneous
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fission rate. Before the nuclear test of bomb 596, Chinese weaponeers estimated the probability
of success of the first atomic bomb test was over 99 percent. As Li Jue, the then-director of the
weapon lab, emphasized just before the hot test, “all other technical issues seem to be well
understood and resolved through various theoretic proofs and experiment demonstrations.” Li
further stated, “In fact, there is only one thing uncertain for the first nuclear test. That is the ¢
[the compression ratio of the fissile material [HEU] implosion].”!!6

Just as China conducted “cold” tests, Iran likely conducted at least one scaled-down
“cold” test in early 2003. As mentioned above, between September 2002 and April 2003, Iran
conducted eight explosive tests with the UD3 initiators at the Parchin site. In China’s case,
Chinese weaponeers used UD3 initiators mainly for the “cold” tests to examine whether the
focusing system could initiate the main HE charge and generate perfect shock waves at the core
to compress the neutron initiator so as to generate enough neutrons. Thus, Chinese weaponeers
also called cold tests “generating neutron tests.” As the archive shows, on February 15", 2003,
Iran conducted an explosive test with a UDs initiator at an alleged large cylinder for testing
with up to 70 kg of explosives at Parchin.!!” According to descriptions of the documents from
the archive,  the raw material” for the test arrived at the site with a “cover.” No contamination
was observed; thus, no special precautions were taken during the assembly of the “part.” These
descriptions appear to suggest the “the raw material” was the natural uranium materials for the
surrogate core or tamper, given the fact that the UD; initiator should be a finished product — a
sealed metal shell encasing the UD3 powder. There would be no need to mention the “cover”
and “contamination”. Moreover, Iranian weaponeers did not need to assemble the device at the
site. The assembly of the “part” would suggest assembling the surrogate natural uranium core —
putting the initiator at the center of two hemispherical shells of the core or assembling two
hemispherical shells of natural uranium as the damper. Further, the document emphasized the
uranium contamination issues during the test. In the case of China’s “cold” tests, weaponeers
addressed this issue until the last one in June 1964 that used natural uranium metal as the core
and tamper.

These descriptions suggest Iran’s neutron source test was a “cold” test for a scaled-
down device. As mentioned above, between November and December 2002, Iran conducted
synchronized tests of a R80 distributor with primary HE charges — which would be a scaled-
down (about 30 percent) version of the full size R265 distributer. If the scaled-down R80
distributor was used for the “cold” test on February 15%, 2023, the scaled-down device would
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industry of new China,” Defense Industry Press, Beijing, 1989 (in Chinese), p. 498.
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contain a main HE charge up to 70 kg that would be within the design capacity of the large
cylinder (assumed 70 kg of explosives).!!®

In fact, as China’s case shows, the scaled-down “cold” tests (even without using any
uranium materials in the core and tamper) would still build weaponeer confidence in a
workable nuclear bomb. With such scaled-down “cold” tests, even without a full-scale “cold”
test, Iran would have mastered the necessary technology to make a bomb.

Finally, from the beginning of Iran’s nuclear weapon program, the Amad Plan aimed to
build a ballistic missile-deliverable nuclear weapon. Iran had extensive projects on how to
integrate a new spherical payload into the Shahab-3 reentry vehicle. The archive documents
clearly show a schematic figure of a Shahab 3 re-entry vehicle with a spherical payload
inside.!!"” Moreover, in early 2004 (prior to the archive reveal in 2018) a German spy acquired
internal documents detailing Iran’s early 2000s project to adapt its Shahab-3 missile for
warhead delivery.!?® After reviewing those documents, the TAEA stated in 2011 that “the
project appears to have consisted of a structured and comprehensive program of engineering
studies to examine how to integrate a new spherical payload into the existing payload chamber
which would be mounted in the re-entry vehicle of the Shahab 3 missile.” The IAEA further
emphasized that, “during these studies, prototype components were allegedly manufactured at
workshops.”!?!

However, based on China’s experience, Iranian weaponeers could have completed
integration work without encountering any major technical bottlenecks. All relevant work could
have been done separately without waiting for fissile material production.

118. As a rough estimate, for the full size R265 distributer, it was reported the full-scale hemispherical
main charge weighted about 50 kg (see, Albright and Heinonen, Shock Wave Generator for Iran’s
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of 100kg of full-size main charge with R265 distributer.
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APPENDIX F: The Last Hurdle: Uranium Metal Components
Production

Before January 1964, when the Lanzhou Enrichment Plant started to output its first
batch of HEU hexafluoride (UF6) fuel (enough to make two atomic bombs), Chinese
weaponeers had accomplished all tasks on the major nonnuclear components by 1963. These
tasks included weapon designs, the UD3 neutron source, and the “tile” focusing elements, and
took China about one or two years altogether to complete.

Sure, producing weapon grade uranium fuel was the hardest and most time-consuming
step. Once China produced fuel, the remaining major tasks were to convert the UF6 fuel to
uranium metal parts for fabricating a weapon core. First, the UF6 gas would be reduced to
uranium tetrafluoride (UF4, also referred to green salt). Then, UF4 would be mixed with
magnesium (or calcium) metal chips and compacted in a reduction steel vessel, where would
output a rough metal dingot of uranium metal after a violent exothermic reaction in the heated
vessel. Second, the rough metal dingots would be further proceeded for chemical purification.
Third, the purified dingots would feed for a vacuum induction furnace, where melting and
casting uranium metals.'?? Finally, Chinese weaponeers would tackle machining — the last step.
This is where cast uranium parts are further machined on high precision lathes to fabricate two
HEU metal hemispheric shells for a weapon core (with a small central space for holding the
neutron initiator, in the case of early atomic bomb).

In practice, Chinese weaponeers had prepared for most of those uranium converting
processes long before the HEU was produced. However, China’s experience shows the last
major hurdle to make the HEU core was the metal casing step. In 1959, the Jiuquan Plant 404
at Gansu, which was responsible for making the bomb cores and plutonium production, sent
their technicians to the Beijing Weapon Institute to study uranium metallurgy. In 1962, after
this group mastered the needed techniques, they set up a pilot workshop at Plant 404 and
borrowed one vacuum induction furnace from an institute of the Defense Ministry. At the time,
China had only two imported vacuum induction furnaces to meet the weaponeers’ requirements
(the other was at the Beijing Institute of Iron and Steel Research).!?* With the borrowed
vacuum induction furnace, the group conducted many casting experiments on surrogates (all
non-uranium metals). Given the shortage of natural uranium metal at the time (feeding the
enrichment plant was the priority), Plant 404 received the natural uranium metal for casting
experiments until late November 1963. However, they met a huge challenge— voids in the cast
pieces. According to the “two-year plan” to explode the bomb in 1964, HEU casting was
scheduled to start in February 1964 after the HEU was produced in mid-January (as projected).
However, it took until March 1964 to cleared up the last “void” obstacle in the natural uranium

122. Liang, The Atomic Bomb--Stories Behinds China’s First Atomic Bomb, p. 366-367.
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cast. Chinese weaponeers began casting the HEU in mid-April and finished on April 30®,
1964.124 Thus, it took about three and half months from the UF6 produced to the cast parts. If
China’s weaponeers had a chance to practice casting on natural uranium metal earlier, they may
have experienced the two-month delay. If so, China would only need about three or five weeks
to complete cast pieces once HEU fuel is produced.!®

Finally, China fabricated its first bomb core (made of two hemispheres) on the early
morning of May 1%, 1964, after spending about ten hours with manually operated machining
tools.!?% In fact, Chinese weaponeers had started preparations for the last step of core
machining as early as 1962, by machining dummy (e.g. steel ball). At the time, they had
mastered the processes and ware ready for the last step.

In early August 1964, China started the final assembly process by collecting all the
components for two bombs (one as a backup). By August 20", 1964, they assembled the two
bombs with carefully subcritical measurements at the Qinghai nuclear weapon plant.'?’ In
practice, it took about three days to assemble the first bomb.!?8 By late August, China had
processed and verified all the parts and assemblies of the first atomic bomb and a backup bomb
at Qinghai Base 221.'% They then disassembled the bomb for shipping to the Lop Nur test site
at Xinjiang. Finally, in the afternoon on October 14, 1964, China’s weaponeers started to re-
assemble device 596 at the test site. They completed the assembly in the early morning (around
2 am) of October 15".13% Thus, it took about ten hours to assemble the bomb for China’s first
nuclear explosion. The next day, on October 16", 1964, China successfully exploded its first
atomic bomb 596 atop a 102-meter iron tower.

China’s experience demonstrates that a similar weapons program would only need three
to five weeks from acquiring UF6 fuel to create an assembled bomb.!3!
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enrichment plant 504 to Jiuquan plant 404 for making uranium metal . Consequently, China would take
about three or five weeks to have the cast pieces once HEU fuel produced.
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took about 0.5 day.
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In Iran’s case — and unlike China’s case — Iran has had extensive experience in uranium
metallurgy for decades. Chinese weaponeers did not have a chance to practice on casting
natural uranium metal until the last moment and met the “voids” challenge. As the [AEA
investigations revealed,!*? Tran produced several kilograms of uranium metal as early as the
1980’s. In the early 1990s, it processed 400 kilograms of uranium fluoride obtained from
abroad into uranium metal.

Such experience can be easily applied to making weapon components. In 2007, the
TAEA reported that!'®3 Iran received a 15-page uranium metal document along with the P-1
centrifuge documentation from a supply network (likely A.Q. Khan network) in 1987. The
document describes processes for the conversion of uranium compounds into uranium metal
and the production of hemispherical enriched uranium metallic components. Moreover, based
on other sources acquired from Iran nuclear programs, the IAEA revealed “an updated

electronic version of the uranium metal document.”!34

In fact, as the nuclear archive shows, Iran worked intensively on the casting and
machining project under the weapon program during the Amad Plan (1999-2003). Under this
project, Iran was building both a pilot and production-scale plant. After April 2002, Iran started
construction of a production-scale uranium casting and machining underground complex at
Parchin with expected completion in May 2003.!%5 The underground complex was designed
with shops assigned for metal reduction, melting and casting, and metal machining. As the
project planned, this complex would make 50 kg of HEU metal components annually, enough
for two cores.!3® However, by the end of Amad Plan in 2003, archive reports noted that the
equipment for the complex had been purchased but had not yet been installed.!’’

A few months after Iran started construction of the large-scale complex Marchin, Iran
started construction of a pilot plant (labeled as a “temporary” plant) above ground near Tehran
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Components,” ISIS, January 11, 2019, available at https://isis-online.org/isis-reports/detail/a-key-
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to gain experience and practical knowledge on casting and machining technology and help
design the larger plant.!3® The plant began operations in June 2003. When the Amad Plan ended
in late 2003, as the archive shows, the plant carried out casting and machining experiments
with non-uranium surrogate materials, but not yet with uranium metals a was the original goal
of the plant. A photograph in the archive clearly shows molten surrogate material along with
cast hemispheres in the plant. This suggests a vacuum furnace had been installed and used in
the pilot plant. It was reported that Iran had acquired abroad at least components of vacuum
induction furnaces for use in its metallurgical project.!*® Moreover, the archive shows the plant
had computer numerically controlled machine tools — a milling and turning machine. These
machining tools were evidently more advanced than those Chinese’s manually operated
machining tools.

Finally, since 2021, Iran has openly worked on uranium metals production at civilian
nuclear facilities at Esfahan, aiming to produce 20 percent enriched fuel for the Tehran
Research Reactor.!*? This production breaks a 15-year ban on Iran producing or acquiring
uranium metal imposed by the JCPOA deal. Installed equipment for R&D activities on uranium
metal production has been ready for use in Iran since May 2024.'#! Such activities will further
improve Iran’s experience making uranium metal components for weapons. With all these
advancement in mind, it can be expected that Iran would take no more time than China
converting UF6 fuel to a uranium metal bomb core — a timetable of just three to five weeks.
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