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Chapter 7. ��Verified Cutoff of Fissile Material Production for Weapons

301. 	�“Decision for the establishment of a Programme of Work for the 2009 session,” CD/1864, 29 May 
2009 decides inter alia to “establish a Working Group under agenda Item 1 entitled ‘Cessation of the 
nuclear arms race and nuclear disarmament’ which shall negotiate a treaty banning the production 
of fissile material for nuclear weapons or other nuclear explosive devices, on the basis of the docu-
ment CD/1299 of 24 March 1995 and the mandate contained therein.” The quote characterizing the 
treaty is from CD/1299.

302. 	�Most non-weapon states and some weapon states would like to see the treaty capture under IAEA 
safeguards some pre-existing fissile materials as well. This could include plutonium and HEU used 
in the fuel of nuclear-power and civilian research reactors and fissile materials formerly in weapons 
that have been declared excess for weapons use. Advocates of such a broadened FMCT often charac-
terize it as a Fissile Material Treaty. The IPFM has tried to capture both positions by calling it a Fissile 
Material (Cutoff) Treaty

303. 	�See e.g. the Chinese perspective in Banning the Production of Fissile Materials for Nuclear Weapons: 
Country Perspectives on the Challenges to a Fissile Material (Cutoff) Treaty, Companion Volume to the 
Global Fissile Material Report 2008, International Panel on Fissile Materials, October 2008, www.
ipfmlibrary.org/gfmr08cv.pdf.

304. 	�Tritium is made by neutron capture in lithium-6 in reactors. But, the natural-uranium fuel of Israel’s 
Dimona reactor contains 140 uranium-238 atoms for every chain-reacting uranium-235 atom. Many 
neutrons therefore would be captured in uranium-238 nuclei, converting them to uranium-239 nu-
clei that then decay into plutonium-239. Also, the fuel of the Dimona reactor, which was originally 
designed for plutonium production, is probably uranium metal clad with aluminum or magne-
sium alloy for ease of reprocessing. Such fuel, unlike the zirconium-clad uranium-oxide fuel used in 
power reactors cannot be easily stored for a long time in water and is therefore usually reprocessed. 
It is therefore likely that, even if Israel thinks that it has produced enough separated plutonium, it is 
probably still producing more as a byproduct of tritium production.

305. 	�“DPR Korea cuts off UN atomic watchdog agency’s access to nuclear facilities,” UN News Center, 24 
September 2009; Blaine Harden, “North Korea Says It Will Start Enriching Uranium: Weapons Move 
Is ‘Retaliation’ for Sanctions,” Washington Post, 14 June 2009.

306. 	�“Burnup” is a measure of the percentage of the fuel that has been fissioned. Most weapon-grade 
plutonium has been produced in graphite or heavy-water-moderated reactors by irradiating natural 
uranium to a level where roughly one gram of uranium-235 in a kilogram of natural uranium has 
been fissioned. This produces plutonium that is more than 90 percent plutonium-239. With further 
irradiation, neutron captures in the plutonium cause losses through fission and fissionless neutron 
capture increases the percentage of Pu-240, Pu-241, and Pu-242 in the plutonium. In light-water 
reactor fuel, today about 50 grams of uranium and plutonium are fissioned per kilogram of low-en-
riched uranium fuel.

307. 	�The ADE-2 reactor in the Siberian plutonium city of Zheleznogorsk near Krasnoyarsk is the last 
dual-purpose reactor. It is scheduled to be shutdown by the Summer of 2009 or 2010 when a replace-
ment coal-fired plant is completed under a program financed by the U.S. As part of the financing 
agreement, Russia’s Government agreed that the weapon-grade plutonium produced after 1994 by 
this reactor and two other dual-purpose production reactors that operated at a second plutonium 
city, Seversk, would not be used for nuclear weapons and would be subject to U.S. monitoring, www.
ransac.org/new-web-site/related/agree/bilat/core-conv.html.

308. 	�One of these, the Novouralsk enrichment plant, is still licensed to produce uranium enriched up to 
30 percent in U-235.

309. 	�Although there is no report that any fissile material other than plutonium or HEU is currently in use 
in nuclear weapons, in principle, uranium-233, neptunium-237, americium-241 and -243 and other 
fissile isotopes all could be so used. See Appendix, “Fissile Materials and Nuclear Weapons.”

310. 	�Belgium and Germany both had their own pilot reprocessing plants but they were shut down in 
1979 and 1991 respectively. Most of the plutonium that has been recycled in Belgium and Ger-
many—and all of the plutonium recycled in Swiss reactors—was separated in French and UK com-
mercial reprocessing plants.
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311. 	�See e.g. Mycle Schneider and Yves Marignac, Spent Nuclear Fuel Reprocessing in France and Martin 
Forwood, The Legacy of Reprocessing in the United Kingdom, IPFM Research Reports Nos. 4 and 5 respec-
tively, 2008.

312. 	�Frank von Hippel, “Why reprocessing persists in some countries and not in others: The Costs and 
Benefits of Reprocessing,” in Henry Sokolski, ed., Expanding Nuclear Power: Weighing the Costs and 
Risks, Non-proliferation Education Center, 2009, forthcoming.

313. 	�The modern reprocessing plants in France, Japan and the United Kingdom are licensed to annually 
reprocess 1700, 800 and 700 tons of spent fuel respectively. In actuality, today, after the loss of virtu-
ally all its foreign customers, France’s plant is reprocessing 1000 tons annually, Japan’s plant has not 
begun commercial operation because of a serious design problem, and the UK reprocessing plant has 
endured a series of prolonged shutdowns since 2005 because of equipment failures. Typically, spent 
light-water reactor fuel is about one percent plutonium, so roughly 17,000, 8000 and 7000 kg of 
plutonium would be recovered if the plants operated at full capacity. The Nagasaki bomb contained 
6 kilograms of weapon-grade plutonium. Eight kilograms of power-reactor plutonium would have 
the same critical mass.

 
314. 	�In addition to the commercial Rokkasho reprocessing plant, Japan also operates the pilot-scale Tokai 

Reprocessing Plant, www.jaea.go.jp/english/04/tokai-cycle/02.htm.

315. 	�See Shirley Johnson, Safeguards at Reprocessing Plants Under a Fissile Material Cutoff Treaty, Interna-
tional Panel on Fissile Materials Research Report No. 6, 2009; and Global Fissile Material Report 2008, 
Chapter 5.

316. 	�“India’s Gas Centrifuge Enrichment Program: Growing Capacity for Military Purposes,” by David 
Albright and Susan Basu, Institute for Science and International Security (ISIS), 18 January 2007, p. 
9, www.isis-online.org/publications/southasia/indiagrowingcapacity.pdf

317. 	�Nonproliferation and Arms Control Assessment of Weapons-Usable Fissile Material Storage and Excess Plu-
tonium Disposition Alternatives, U.S. Department of Energy, DOE/NN-0007, Washington, DC, Janu-
ary 1997, p. 51, www.ipfmlibrary.org/doe01b.pdf.

318. 	�Richard Stone, “Iran’s Nuclear Program: State-of-the-Art Nuclear Sleuths,” Science, 13 June 2003,  
p. 1643.

319. 	Uranium-234 is a decay product of U-238.

320. 	�Spent fuel is monitored under the NPT to protect against the possibility of clandestine reprocessing. 
Under the FM(C)T, it would probably be sufficient—initially at least—to verify declarations of spent 
fuel with a small number of random spot checks.

 
321. 	�A gas of tritium (T), mixed with deuterium (D), is injected into the hollow plutonium “pit” of a mod-

ern nuclear weapon when the weapon is triggered. The energy released by the fission chain reactions 
in the plutonium heat the gas up to temperatures where the thermonuclear reaction, D + T  helium 
+ neutron, takes place. The resulting burst of neutrons causes an additional burst of fissions that 
“boosts” the power of the explosion more than tenfold. The U.S. formerly produced tritium for its 
nuclear weapons using the HEU-fueled production reactors at the Department of Energy’s Savannah 
River Site but has shifted to inserting lithium-6 “targets” in LEU-fueled power reactors. 

322. 	�Model Protocol Additional to the Agreement(s) Between State(s) and the International Atomic Energy Agency 
for the Application Of Safeguards, International Atomic Energy Agecny, INFCIRC/540 (Corrected), 
September 1997.

323. 	�Some declassified documents relating to the U.S. program have been compiled by William Burr, 
Documents on the U.S. Atomic Energy Detection System [AEDS], National Security Archive Electronic 
Briefing Book No. 7, www.gwu.edu/~nsarchiv/NSAEBB/NSAEBB7/nsaebb7.htm.

324. 	�Adapted from R. Scott Kemp and C. Schlosser, “A performance estimate for the detection of un-
declared nuclear-fuel reprocessing by atmospheric 85Kr,” Journal of Environmental Radioactivity 99 
(2008) p. 1341–1348. Because of cost and reliability issues, Krypton-85 is not currently captured at 
reprocessing plants, but could be.
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325. 	�R. Scott Kemp, “Initial Analysis of the Detectability of UO2F2 Aerosols Produced by UF6 Released 
from Uranium Conversion Plants,” Science and Global Security, 16 (2008), p. 115.

326. 	�A kiloton is a measure of explosive power: the rough equivalent of one thousand tons of chemical 
high explosives.

327. 	�New tritium source on line at DOE´s Savannah River Site, U.S. Department of Energy, Office of Public 
Affairs, Washington, DC, 2007.

328. 	�P. Podvig, Consolidating Fissile Materials in Russia’s Nuclear Complex, Research Report #7, International 
Panel on Fissile Materials, May 2009, www.ipfmlibrary.org/rr07.pdf.

329. 	�L. C. Colschen and M. B. Kalinowski, “Can International Safeguards be Expanded to Cover Triti-
um?“ IAEA Symposium, International Nuclear Safeguards 1994: Vision for the Future, IAEA-SM-333/27, 
Vienna, 14–18 March 1994, Proceedings Serial No. 945, Vol. 1, pp. 493–503.

330.  �M. B. Kalinowski, Update of International Control of Tritium for Nuclear Nonproliferation and Disar-
mament, CRC Press, London, 2004, Table 2.6. Estimates of production capacities by irradiation of 
lithium-6 targets in natural-uranium-fueled heavy-water reactors are based on calculations of the 
production of U-233 in such reactors, J. Kang and F. von Hippel, “U-232 and the Proliferation-Resis-
tance of U-233 in Spent Fuel,” Science & Global Security, Vol. 9, 2001, pp. 1–32.

331. 	�Report of Main Committee II of the 4th NPT Review Conference, Document NPT/CONF.IV/MC.II/1,  
10 September 1990.

332. 	��“Exchange of Letters Between the Government of Canada and the European Atomic Energy Com-
munity (EURATOM) amending the Agreement for Co-operation in the Peaceful Uses of Atomic 
Energy of October 6, 1959,” CST1991/23, Government of Canada (Brussels, Belgium), 15 July 1991, 
EL/CEEA/CDN/GE, reproduced in Official Journal of the European Communities, No. C 215/5, 17 Au-
gust 1991.

 
333. 	International Control of Tritium for Nuclear Nonproliferation and Disarmament, op. cit.

334.  �J. Reckers, Tritiumbilanzierung im Fusionsreaktor ITER. Anwendung statistischer Testtheorie auf Inspe-
ktionsstrategien bei Messunsicherheit [Tritium accounting at the ITER fusion reactor: Application of statis-
tical tests on inspection strategies with measurements uncertainties], Diploma thesis submitted to the 
University of Hamburg, September 2007, www.znf.uni-hamburg.de/diplomReckers.pdf.

335.  �M. B. Kalinowski and L. C. Colschen, “International Control of Tritium to Prevent Horizontal Prolif-
eration and to Foster Nuclear Disarmament,” Science & Global Security, Vol. 5, 1995, p. 131.

 
336. 	IAEA Statute, Article III.A.5.
 	
337. 	International Control of Tritium for Nuclear Nonproliferation and Disarmament, op. cit.
 

338. 	��M. B. Kalinowski and L. C. Colschen, “International Control of Tritium,” 1995, op. cit.
 

339. 	�International Control of Tritium for Nuclear Nonproliferation and Disarmament, op. cit.
 

340. 	�A Fissile Material (Cut-off) Treaty: A Treaty Banning the Production of Fissile Materials for Nuclear Weap-
ons or Other Nuclear Explosive Devices, Article-by article explanation, International Panel on Fissile Ma-
terials, September 2009, www.ipfmlibrary.org/fmct-ipfm-sep2009.pdf.

Chapter 8. ��Nuclear Power and Nuclear Disarmament

341. 	�James Franck (Chairman), Donald J. Hughes, J. J. Nickson, Eugene Rabinowitch, Glenn T. Seaborg, J. 
C. Stearns and Leo Szilard, Report of the Committee on Political and Social Problems Manhattan Project, 
“Metallurgical Laboratory” University of Chicago, June 11, 1945 (The Franck Report), www.ipfmli-
brary.org/fra45.pdf.

342. 	�C. I. Barnard, J. R. Oppenheimer, C. A. Thomas, H. A. Winne, and D. E. Lilienthal, A Report on the 
International Control of Atomic Energy, Washington, DC, 1946, www.ipfmlibrary.org/ach46.pdf.
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343. 	�H. A. Feiveson, Latent Proliferation: The International Security Implications of Civilian Nuclear Power, 
PhD Thesis, Princeton University, 1972.

344. 	�T. B. Taylor, “Nuclear Power and Nuclear Weapons,” July 1996, originally published by the Nuclear 
Age Peace Foundation, and reprinted in Science & Global Security, Vol. 13, 2005.

345. 	�J. Schell, The Abolition, Alfred A. Knopf, New York, 1984.

346. 	�J. Carson Mark, Theodore Taylor, Eugene Eyster, William Maraman, and Jacob Wechsler, “Can Ter-
rorists Build Nuclear Weapons?” in Paul Leventhal and Yonah Alexander, eds., Preventing Nuclear 
Terrorism: Report and Papers of the International Task Force on Preventing Nuclear Terrorism, Rowan & 
Littlefield, Lanham, MD, 1987. 

347. 	�The three reactors produced an average of 170 kg of plutonium a year during 1945–47, US Depart-
ment of Energy, Plutonium: The First 50 Years: United States Plutonium Production, Acquisition, and 
Utilization from 1944 through 1994 (1996) Table 2. The initial design thermal power of the Hanford 
B reactor, 250 megawatts, was achieved in February 1945. At this power level, it would take the first 
three reactors about a week to produce enough plutonium for a Nagasaki-type bomb. By late 1956, 
the B-reactor power level reached 800 MWt and, by January 1961, it was over 2000 MWt. B Reac-
tor Museum Association, History of 100-B/C Reactor Operations, Hanford Site, www.b-reactor.org/hist1-
4.htm.

348. 	�The K-25 gaseous diffusion plant produced 1529 kg of 26% enriched uranium in 1945 and 2889 kg 
of 29% enriched uranium in 1946 for enrichment to weapon-grade by the electromagnetic isotope 
separation plant. In 1947, however, it produced 1264 kg of 93% enriched uranium, US Department 
of Energy, Highly Enriched Uranium: Striking a Balance, A Historical Report on the United States Highly 
Enriched Uranium Production, Acquisition, and Utilization Activities from 1945 through September 1996, 
U.S. Department of Energy, 2001, Table 5.3.

349. 	�An enrichment plant with 5000 first generation centrifuges, of the kind built by Pakistan in the late 
1970s and early 1980s and that Iran is currently installing and operating, could make enough HEU 
for one bomb a year. It would require a floor area approximately 50 meters on a side, easily able to 
fit in a small building or underground, and would consume only about 100 kilowatts of electrical 
power, which could be provided by a diesel generator.

350. 	�Global Fissile Material Report 2007, Chapter 9. R. S. Kemp and A. Glaser, “The Gas Centrifuge and the 
Nonproliferation of Nuclear Weapons,” pp. 88–95 in Shi Zeng (ed.), Proceedings of the Ninth Interna-
tional Workshop on Separation Phenomena in Liquids and Gases (SPLG), 18–21 September 2006, Beijing, 
China, Tsinghua University Press, 2007.

351. 	�R. Scott Kemp, PhD thesis, Woodrow Wilson School, Princeton University, forthcoming.

352. 	Based on estimates by Alexander Glaser, IPFM.

353. 	�“GEH selects site for potential Silex enrichment plant,” World Nuclear News, 1 May 2008, www.world-
nuclear-news.org.

354. 	�Multilateral Approaches To The Nuclear Fuel Cycle: Expert Group Report To The Director General Of The 
International Atomic Energy Agency, International Atomic Energy Agency, Vienna, 2005, p. 109.

355. 	�Gordon Linsley and Abdul Fattah, “The Interface Between Nuclear Safeguards and Radioactive 
Waste Disposal: Emerging Issues,” IAEA Bulletin, 21, 1994, pp. 22–26.

356. 	�Edwin S. Lyman and Harold A. Feiveson, “The Proliferation Risks of Plutonium Mines,” Science & 
Global Security, Vol. 7, 1998, pp. 119–128.

357. 	�The Nagasaki bomb contained 6.1 kilograms of weapon-grade plutonium, Major General Leslie R. 
Groves, “Memorandum for the Secretary of War, “ 18 July 1945, reprinted in Martin J. Sherwin, A 
World Destroyed, Alfred A. Knopf, (New York, 1975, Appendix P. The corresponding critical mass of 
the “reactor-grade plutonium” in spent light-water-reactor fuel would be about 8 kg.

358. 	�The possibility of the quick construction of a reprocessing plant was raised during the Carter Ad-
ministration’s debate over changing U.S. policy on reprocessing in a 1977 study by a group of techni-
cal experts at the Oak Ridge National Laboratory who presented the design of such a plant together 
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with a flow sheet and an equipment list. The study sought to make the case that a country with 
a minimal industrial base could quickly and secretly build such a plant and that therefore a U.S. 
policy to oppose civilian reprocessing would not have a significant anti-proliferation effect. See: 
D. E. Ferguson to F. L. Culler, Simple, Quick Processing Plant, Intra-Laboratory Correspondence, Oak 
Ridge National Laboratory, August 30, 1977; and: Quick and Secret Construction of Plutonium Repro-
cessing Plants: A Way to Nuclear Weapons Proliferation?, Report to the Comptroller General of the 
United States, EMD-78-104, October 6, 1978. Similar conclusions have been reached in subsequent 
U.S. assessments; see J. P. Hinton et al., Proliferation Resistance of Fissile Material Disposition Program 
Plutonium Disposition Alternatives: Report of the Proliferation Vulnerability Red Team, Sandia National 
Laboratory, SAND97-8201, October 1996. See also, Victor Gilinsky, Marvin Miller, and Harmon W. 
Hubbard, A Fresh Examination of the Proliferation Dangers of Light Water Reactors, The Nonproliferation 
Policy Education Center, Washington, DC, September 2004, Appendix 2.

359. 	�IAEA, Power Reactor Information System, 7 September 2009, www.iaea.org/programmes/a2/

360. 	�Israel and North Korea have nuclear weapons but no civil nuclear-energy programs, although North 
Korea’s Yongbyon plutonium-production reactor generated 5 Megawatts of electrical power.

361. 	�The World Nuclear Association, a nuclear industry group, claims over thirty states are “actively 
considering” starting nuclear energy programs. It lists them by region. In Europe: Italy, Albania, 
Portugal, Norway, Poland, Belarus, Estonia, Latvia, Ireland, Turkey; in the Middle East and North 
Africa: Iran, Gulf states, Yemen, Israel, Syria, Jordan, Egypt, Tunisia, Libya, Algeria, Morocco; in 
Central and Southern Africa: Nigeria, Ghana, Namibia, Uganda; in South America: Chile, Ecuador, 
Venezuela; in Central and Southern Asia: Azerbaijan, Georgia, Kazakhstan, Mongolia, Bangladesh; 
and in Southeast Asia: Indonesia, Philippines, Vietnam, Thailand, Malaysia, Australia, New Zealand. 
World Nuclear Association, “Emerging Nuclear Energy Countries,” 26 August 2009, www.world-
nuclear.org/info/inf102.html.

362. 	�Livermore National Laboratory weapons designer, Robert Seldon, briefed the leaders of the French 
and Japanese reprocessing establishments on this fact during 1976. Robert Seldon, “All Plutonium 
can be used Directly in Nuclear Explosives,” briefing slides, 1976. They continued to argue for many 
years, however, that plutonium generated in commercial reactors could not be used for weapons 
since this grade plutonium has a relatively high fraction of the isotope Pu-240. The U.S. Department 
of Energy statement says: “At the lowest level of sophistication, a potential proliferating state or 
sub-national group using designs and technologies no more sophisticated than those used in first-
generation nuclear weapons could build a nuclear weapon from reactor-grade plutonium that would 
have an assured, reliable yield of one or a few kilotons (and a probable yield significantly higher than 
that). At the other end of the spectrum, advanced nuclear weapon states such as the United States 
and Russia, using modern designs, could produce weapons from reactor-grade plutonium having 
reliable explosive yields, weight, and other characteristics generally comparable to those of weapons 
made from weapons-grade plutonium. Proliferating states using designs of intermediate sophistica-
tion could produce weapons with assured yields substantially higher than the kiloton-range pos-
sible with a simple, first-generation nuclear device.” Nonproliferation and Arms Control Assessment of 
Weapons-Usable Fissile Material Storage and Excess Plutonium Disposition Alternatives, U.S. Department 
of Energy, DOE/NN-0007, Washington, DC, January 1997, Box 3–1 (pp. 37–39), www.ipfmlibary.
org/doe97.pdf.

363. 	�A. Glaser, “Isotopic Signatures of Weapon-grade Plutonium from Dedicated Natural-uranium-fueled 
Production Reactors and Their Relevance for Nuclear Forensic Analysis,” Nuclear Science and Engineer-
ing, Vol. 163, No. 1, September 2009, pp. 26–33.

364. 	�Alternative reprocessing technologies include aqueous processes, in which uranium would be pre-
cipitated out with the plutonium, and pyroprocessing technology, an electro-refining procedure 
that would keep some of the higher transuranics and rare-earth (lanthanide) fission products with 
the plutonium.

365. 	�Based on R. Hill, “Advanced Fuel Cycle Systems: Recycle/Refabrication Technology Status,” Septem-
ber 7, 2005. See also Jungmin Kang and Frank von Hippel, “Limited Proliferation-Resistance Benefits 
from Recycling Unseparated Transuranics and Lanthanides from Light-Water Reactor Spent Fuel,” 
Science & Global Security, Vol. 13, 2005, p. 169.

366. 	�H. Wood, A. Glaser, and R. S. Kemp, “The Gas Centrifuge and Nuclear Weapons Proliferation,” Phys-
ics Today, September 2008, pp. 40–45.

367. 	�Interview with Mohamed Elbaradei, CNN Late Edition with Wolf Blitzer, 8 May 2005.
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�368.  �A. Glaser, “Characteristics of the Gas Centrifuge for Uranium Enrichment and their Relevance for 
Nuclear Weapon Proliferation,” Science & Global Security, Vol. 16, Nos. 1–2, 2008.

369. 	�IAEA Safeguards Glossary 2001 Edition, International Nuclear Verification Series, No. 3, International 
Atomic Energy Agency, Vienna, 2002, §3.13, www.ipfmlibrary.org/iaeaglossary.pdf.

370. 	�Y. Yudin, Multilateralization of the Nuclear Fuel Cycle: Assessing the Existing Proposals, UNIDIR/2009/4, 
United Nations Institute for Disarmament Research, New York and Geneva, 2009, www.unidir.ch, 
and: A. Glaser, Internationalization of the Nuclear Fuel Cycle, International Commission on Nuclear 
Non-proliferation and Disarmament, ICNND Research Paper No. 9, February 2009, www.icnnd.org.

371. 	�Germany has proposed a Multilateral Enrichment Sanctuary Project, a scheme that envisages a host 
state offering its territory to a separate set of countries to build and operate an enrichment plant on 
that site. Ideally, the host would have no experience with uranium enrichment and a hypothetical 
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sentative of Germany to the IAEA with regard to the German proposal on the Multilateralization of 
the Nuclear Fuel Cycle,” International Atomic Energy Agency INFCIRC/704, 4 May 2007. It was later 
amended in INFCIRC/727, 30 May 2008 and INFCIRC/735, 25 September 2008. For a discussion, see 
A. Glaser, Internationalization of the Nuclear Fuel Cycle, op. cit. 
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1970s when the creation of an International Nuclear Fuel Authority (INFA) was considered by the 
United States. More recently, some analysts have picked up the INFA concept as a strategy to resolve 
the crisis surrounding Iran’s enrichment program: T. B. Cochran and C. E. Paine, “International 
Management of Uranium Enrichment,” presentation, International Meeting on Nuclear Energy and 
Proliferation in the Middle East, Amman, Jordan, 22–24 June 2009.

Chapter 9. ��Societal Verification

373. 	�For more details, see the excellent biography by William Lanouette, Genius in the Shadows, Charles 
Scribner’s Sons, New York, 1992.

374. 	�The memo is reproduced in Spencer Weart and Gertrud Weiss Szilard (eds.), Leo Szilard: His Version 
of the Facts, MIT Press, 1978, pp. 196–204. President Roosevelt died before the memo could be deliv-
ered.

375. 	�Joseph Rotblat, “Societal Verification,” in Joseph Rotblat, Jack Steinberger, and Bhalchandra Udga-
onkar, eds., A Nuclear-Weapon-Free World, Westview Press, Boulder, 1993, pp. 103–118.
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World Law, Second Edition, Harvard University Press, 1960, p. 267, and Lewis Bohn, “Non-Physical 
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ziller, New York, 1961.
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ipfmlibrary.org/mil99.pdf.

379. 	�Quoted by Herbert Mehrtens, “Mathematics and War: Germany, 1900–1945,” in Paul Forman and 
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389. 	www.icc-cpi.int/Menus/ICC/Situations+and+Cases/Referals+and+communications

Appendix B. ��Worldwide Locations of Nuclear Weapons, 2009

390. 	�Most nuclear states do not release information about locations of nuclear weapons or components. 

391. 	�Locations listed here for Chinese land-based missiles forces are mainly based on Thomas C. Reed 
and Danny B. Stillman, The Nuclear Express: A Political History of the Bomb and Its Proliferation, Zenith 
Press, Minneapolis, NM, 2009, pp. 84–113, 220–234, 354–363; Bates Gill, et al., The Chinese Second 
Artillery Corps: Transition to Credible Deterrence, in James C. Mulvenon and Andrew N. D. Yang, eds., 
The People’s Liberation Army as Organization: Reference Volume v. 1.0, RAND, CF-182, 2002; Mark A. 
Stokes, China’s Military Modernization: Implications for the United States, Strategic Studies Institute, 
U.S. Army War College, September 1999; William M. Arkin, et al., Taking Stock: Worldwide Nuclear 
Deployments 1998, Natural Resources Defense Council, 1998, pp. 45–48, 89; Robert S. Norris, et al., 
Nuclear Weapons Databook Volume V: British, French, and Chinese Nuclear Weapons, Westview Press, 
Boulder, CO, 1994.

392. 	�China also deploys about 120 H-6 bombers at Anqing Air Base, Leiyang Air Base, Nanjing Air Base, as 
well as Qili Air Base and Xian Air Base. Any of these bases could potentially have a secondary nuclear 
mission, but Danyang is the only air base with an external igloo-type storage facility near by. Anq-
ing and Leiyang both have underground facilities that potentially could store nuclear bombs, and 
several of the bases are undergoing modernizations that might be associated with adding cruise 
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398. 	�A recent U.S. Air Force survey does not credit any of North Korea’s ballistic missiles with nuclear ca-
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nuclear facility.” Ishtiaq Mahsud, Pakistani officials: Militant clashes kill about 70,” Associated Press, 
12 August 2009.

400. 	�Ibid.

401. 	�Locations listed here are based on Charles L. Thornton, U.S. Efforts to Secure Russia’s Nuclear War-
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407. 	Located near Voskresenskoye.

408. 	�Located near Yuryuzan.

409. 	�Zlatoust-36 is one of Russia’s two warhead production plants (the other being Sverdlovsk-45).
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been moved to central storage include Air Force bases with Su-24 Fencer bombers (Chernyakhovsk, 
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Voszhaevka), naval bases with Tu-22M Backfire bombers and Il-28 ASW aircraft, and air defense 
bases with nuclear-capable SA-10 Grumble surface-to-air missiles. U.S. government lists tend to have 
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Prevent Nuclear Terrorism,” Fact Sheet, September 2009, p. 1; U.S. Department of Energy, National 
Nuclear Security Administration, FY 2010 Congressional Budget Request, May 2009, pp. 390, 391.
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412. 	The W62 is scheduled to be retired in 2009.

413. 	Ibid.

414. 	Nellis Air Force Base might also store some naval warheads.

415. 	The W62 is scheduled to be retired in 2009.
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Over the past six decades, our understanding of the 
nuclear danger has expanded from the threat posed 
by the vast nuclear arsenals created by the super-
powers in the Cold War to encompass the prolife-
ration of nuclear weapons to additional states and 
now also to terrorist groups. To reduce this danger, 
it is essential to secure and to sharply reduce all 
stocks of highly enriched uranium and separated 
plutonium,the key materials in nuclear weapons, 
and to limit any further production. These measures 
also would be an important step on the path to 
achieving and sustaining a world free of nuclear 
weapons.

The mission of the IPFM is to advance the technical 
basis for cooperative international policy initiatives 
to achieve these goals.
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