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9 ��Societal Verification

controls would be required including unrestricted access by international inspectors to 
the territory of all states to detect possible misuse of the peaceful atom as well as pos-
sible clandestine nuclear activities dedicated to making nuclear bombs. In the memo, 
Szilard argued:

“�That there may be dangerous loopholes in control systems which 
might be set up is illustrated by events that took place after the 
First World War. At that time there were many Germans who 
were willing to give information to the Inter-allied Commission 
about violations of the control regulations, but those who actu-
ally did so were publicly tried under the German Espionage Law 
and were given heavy sentences. The Treaty of Versailles did not 
stipulate that the German Espionage Law must be revoked.	  
 
Clearly, it would be desirable to create a situation, which would 
permit us to appeal in various ways to physicists and engineers 
everywhere for information that would uncover violations of the 
controls. This would give us additional assurance that such vio-
lations would be detected, but it presupposes that we succeed in 
creating conditions that would enable us to guarantee the per-
sonal safety of their families.” 

 
These comments allude to the two potential modalities for societal verification, “citi-
zens reporting,” also known as “inspection by the people,” and “whistle-blowing” by 
those who have direct knowledge of violations of international treaties or agreements, 
in particular, scientists and technologists who are employed by relevant laboratories 
and industries. Szilard notes that societal verification requires legal sanction and, espe-
cially in the case of whistle-blowers, who often are sworn to secrecy as a condition of 
their employment, the assurance of physical protection for both them and their fami-
lies. This would be especially important if they resided in states where the punishment 
for whistle-blowing is likely to be severe.
 

 

Figure 9.1. Leo Szilard (1898–1964), the 

scientist who introduced the concept of 

societal verification in the nuclear age, here 

in September 1949 reading of the onset of 

the U.S.-Soviet nuclear arms race, which 

he anticipated and warned against. Credit: 

Argonne National Laboratory, courtesy AIP 

Emilio Segrè Visual Archives.
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After the war, Szilard and others elaborated on these ideas, specifically in the context 
of detecting violations of treaties and agreements in the area of nuclear weapons such 
as a ban on nuclear testing or a ban of nuclear weapons altogether. 

Obviously, societal verification, including whistle-blowing, can be and has been 
applied in monitoring agreements and reporting violations in many other con-
texts, e.g., human rights, humanitarian assistance, and environmental protection.  
Although a detailed discussion of these other areas would carry us too far afield, we 
mention them briefly below in those cases where the experience gained might provide 
useful lessons for the application of societal verification in the nuclear area.
 
An International Duty?
The most vigorous proponent of societal verification in recent years, particularly in the 
context of verifying a nuclear-weapon-free world, was the late Joseph Rotblat. A paper 
he wrote in 1993 provides a useful summary of previous work in this area, mostly dat-
ing from the 1950s and 1960s, as well as his own views about the role of societal verifi-
cation in a nuclear-weapon-free world and the importance of and obstacles involved in 
enlisting ordinary citizens as well as scientists and technologists.375 

Figure 9.2. Sir Joseph Rotblat (1908–2005), 
a Manhattan Project scientist, one of the 

founders of the scientists’ Pugwash move-

ment, and a strong advocate of societal 

verification. Rotblat, a Nobel Laureate, was 

a leading supporter of Israeli whistle-blower 

Mordechai Vanunu, arguing that Vanunu‘s 

exposure of Israel‘s nuclear weapon pro-

gram was an act of conscience. Credit: Peter 

Hönnemann. 

 
With regard to its role in a nuclear-weapon-free world, Rotblat agrees with the prevail-
ing view that, while there is considerable room for improvement in technical verifica-
tion methods such as physical inspection, instrumental detection and aerial reconnais-
sance, such methods cannot be relied on to provide complete assurance that all nuclear 
weapons had been eliminated or weren’t being secretly produced. Since the possession 
of a even few weapons might give a transgressing state the capability to exert political 
blackmail, a complementary societal verification system needs to be developed and 
used alongside technical verification means to provide the requisite assurance that vio-
lations of a treaty banning nuclear weapons would be detected in a timely manner. 
Others, including both proponents and opponents of abolition, share Rotblat’s view 
that technical verification means do not suffice, but are skeptical of the efficacy or are 
unfamiliar with the potential of societal verification.
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The skepticism about societal verification is based primarily on doubts about the will-
ingness of citizens, including scientists, to report violations of international treaties 
and agreements by their country, especially in non-democratic states, and the impact 
of false alarms on the verification system. Following earlier proposals, Rotblat, counters 
that, for societal verification to be effective, such reporting must be generally recog-
nized to be the right and duty of all citizens and that, to this end, the international 
treaty or agreement, specifically one that establishes a nuclear-weapon-free world, must 
contain a clause requiring that national laws be enacted that guarantee the right and 
require the duty.376

As to the presumed ineffectiveness of citizens reporting in non-democratic states, Rotb-
lat notes that the refusal of a state to sign the treaty would amount to a declaration that 
it intended to acquire nuclear weapons, while acceding to the treaty with the intention 
of cheating would be difficult because the international control agency would have the 
right to monitor for violations using both technical and societal means. For example, 
the probability of detecting a small, clandestine centrifuge plant by wide-area envi-
ronmental sampling would be greatly enhanced if the agency had information about 
where such a plant might be located. 

Rotblat was apparently the only scientist to leave the Manhattan Project when it be-
came clear in late 1944 that Germany didn’t have a viable nuclear weapons program; 
and given this background, it isn’t surprising that he emphasized the important role of 
scientists and technologists as potential whistle-blowers, a role that is to a degree sup-
ported by the openness of international science. 

Rotblat recognized that one of the most difficult aspects of societal verification is the taint 
of disloyalty, the stigma of spying on colleagues or fellow-citizens, and he issued a clarion 
call for a new mindset involving a loyalty to mankind instead of individual nations:377 

“�At present, loyalty to one’s nation is supreme, generally overrid-
ing the loyalty to any of the subgroups. Patriotism is the dogma; 
‘my country right or wrong’ the motto. And in case these slogans 
are not obeyed, loyalty is enforced by codes of national criminal 
laws. Any transgression is punished by the force of law: attempts 
by individuals to exercise their conscience by putting humanitar-
ian needs above those dictated by national laws are denounced 
by labeling those individuals as dissidents, traitors or spies. They 
are often severely punished by exile (Sakharov), long-term prison 
sentences (Vanunu), or even execution (the Rosenbergs).
 
 �The time has now come to develop, and recognize consciously, 
loyalty to a much larger group, loyalty to mankind. […] Among 
scientists the feeling of belonging to mankind is already well 
developed. Science has always been cosmopolitan in nature; its 
methods and ethics are universal, transcending geographical 
frontiers and political barrier. Because of this, scientists have de-
veloped the sense of belonging to the world community, of being 
citizens of the world. […] This new loyalty is necessary for the 
protection of the human species, whether nuclear weapons are 
eliminated or not. But the recognition of the necessity of this 
loyalty, and the education of the general public about this need, 
would be of momentous importance in ensuring compliance 
with a treaty to eliminate nuclear weapons.”
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The historical record with regard to scientists acting as citizens of the world and not 
of individual states, especially with regard to the development of weapons of mass 
destruction, is not encouraging, however.378 The involvement in work on chemical 
weapons by the eminent German physical chemist, Fritz Haber; the work on nuclear 
weapons by Soviet scientist and later human-rights activist, Andrei Sakharov; and the 
work on Soviet biological weapons by Ken Alibek offer important examples.

During World War I, the Jewish-born Haber, who would win the Nobel Prize in chem-
istry in 1918 for the discovery of a process for the synthesis of ammonia, headed the 
effort to develop chemical weapons for Germany. He pursued the task with strong 
purpose and great energy and never tried to minimize his role or expressed any moral 
misgivings even after the war. In this respect, he remained a German patriot to the 
end, which came in 1933 with the rise of Hitler when he had to resign as director of 
the Kaiser Wilhelm Institute for Physical Chemistry. Still, in his farewell letter to his 
Institute colleagues, he could say: “Im Frieden der Menschheit, im Kriege dem Vaterlande!” 
(In peace for mankind, in war for the fatherland!)379

  
Unlike Haber, Sakharov, a leading Soviet nuclear weapon designer, acknowledged the 
terrible nature of the weapons he and his colleagues built after World War II. But they 
were also convinced that the effort to keep pace with the United States in the nuclear 
domain was essential, and the dedication and energy they brought to their work was 
characteristic of “a true war psychology.”380 The Soviet Government rewarded them 
amply for their successful efforts, and it was only later, after nuclear parity with the 
United States had been achieved, that Sakharov began to speak out publicly about the 
dangers of the nuclear arms race. His behavior was hardly unique: like their fellow 
citizens, many scientists become convinced of their patriotic duty to aid their country 
when its national security is threatened by external powers, and only have second 
thoughts later, if at all. 
 
Moreover, when Haber and Sakharov were engaged in the development of chemical 
and nuclear weapons, respectively, there were no international treaties or agreements 
prohibiting such work. This was not true in the case of Ken Alibek, however, who was 
informed after joining Biopreparat, the principal Soviet agency for R&D in biological 
weapons, in 1975, that the work he would be engaged in violated the 1972 Biological 
and Toxins Weapons Convention, of which the Soviet Union was a signatory. He was 
also told that the United States had a secret biological weapons program, however, and 
on this basis had no difficulty in engaging in his assigned tasks, which had the add-
ed attraction of involving significant technical challenges. Alibek later left the Soviet 
Union and revealed the details of the Soviet biological weapons program.381

 
In Alibek’s case, there was a legal basis for blowing the whistle, even if it was not acted 
on, but what of situations where there is no such basis, i.e., the activity in question isn’t 
prohibited by international treaty or agreement? An interesting case in point is that of 
Mordechai Vanunu, who worked as a technician in the secret Dimona nuclear weap-
ons facility in Israel from 1976 to 1985. During this time, Vanunu surreptitiously took 
photographs of the parts of the facility to which he had access. He subsequently shared 
these photos, along with his notes about the operation of the facility, with reporters 
for the Sunday Times. A front-page story, based on this information, was published by 
the Times on 5 October 1986. By that time, however, Vanunu had been kidnapped by 
Israeli intelligence agents and taken to Israel where he was tried in secret and sentenced 
to 18 years in prison for violating the secrecy oath that he took at the time of his em-
ploy.382 Vanunu was released in 2004, but has been denied permission to leave Israel 
where he is almost universally viewed as a traitor. 
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Figure 9.3. Two of the pictures taken by Vanunu 
inside Dimona in or before 1985, showing mock-up 

bomb components (left) and a control room of the 

Dimona plant (right). Vanunu shared these photos, 

along with his notes about the operation of the 

facility, with reporters for the London Sunday Times. 

A front-page story, based on this information, was 

published by the Times on 5 October 1986. By that 

time, however, Vanunu had been kidnapped by 

Israeli intelligence agents and taken to Israel where 

he was tried in secret and sentenced to 18 years in 

prison.

A small group of individuals, including Joseph Rotblat, supported Vanunu through 
his arrest, trial and punishment on the grounds that, on the one hand, the existence 
of a nuclear arsenal in Israel was already well-known and, on the other, that Vanunu 
acted out of a genuine concern that this secret, advanced nuclear arsenal was a threat 
to world peace. Thus, while he may have committed a crime in the sense of violating 
the Israeli Official Secrets Act—which Vanunu claims he signed before being informed 
that he would be working on nuclear weapons—Rotblat and others considered Vanunu 
to be a bona fide whistle-blower and a true prisoner of conscience, whose punishment, 
which included being kept in solitary confinement for ten years, was unduly harsh.383

Vanunu revealed new, concrete evidence of a large and sophisticated nuclear arsenal, 
and, in so doing, raised troubling questions about Israeli nuclear policy. However, since 
Israel is not a signatory of the NPT, its acquisition of nuclear weapons, which it has 
decided not to publicly acknowledge, does not violate international agreements. The 
issue then is the tension between a country’s desire to keep secret certain information 
about its activities, especially relating to national security, and the right of insiders to 
blow the whistle, even if they violate security regulations in doing so. 
 
Lessons for the Nuclear Domain?
There is a growing effort to better understand the opportunities and challenges of us-
ing whistle-blowing and other sources of information to uncover nuclear programs. 
In an important analysis, Ronald Mitchell examined how non-governmental “actors,” 
and non-governmental organizations (NGOs) in particular, could help in identifying 
undeclared nuclear facilities.384 Such groups have shown themselves capable and will-
ing to assist international regimes in contexts such as human rights, humanitarian 
assistance, and environmental protection by accurately and honestly monitoring and 
reporting violations of international treaties and agreements in these areas. Mitchell 
describes such actions as a “fire alarm” system and contrasts it to traditional safeguards 
procedures of the International Atomic Energy Agency, which he refers to as a “police 
patrol” system. 
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The limitations of the safeguards system came to prominence as a result of the failure of 
the IAEA to detect nuclear facilities in Iraq prior to the conclusion of the 1991 Gulf War — 
and remain a major concern for non-proliferation policy. While subsequent efforts to 
address this problem by increasing the IAEA’s authority to conduct more intrusive and 
unannounced inspections on the one hand, and to utilize intelligence information 
supplied by member states on the other, are both useful they have basic limitations. 
The Iraqi experience has not eliminated most states’ resistance to such inspections. 
Moreover, the resources that the IAEA can devote to such activities are limited. While 
“fire alarms” by member states related to clandestine activities can be very valuable, the 
IAEA has to very cautious in using such information as the states ringing the alarm of-
ten have their “own axes to grind,” and also may demand unacceptable quid pro quos. 

Mitchell concludes that there is a potentially useful role for a “fire alarm” system to 
detect undeclared nuclear activities utilizing information supplied by civil society 
groups, but only if several conditions are satisfied. In particular:

These groups have the capability to detect and report on suspect nuclear-related 
activities;  

The balance of incentives and disincentives to do so must favor the former; and  

The IAEA has the resources and political authority required to process this informa-
tion and to discriminate between false and true alarms, and use it. 

We discuss these requirements in turn in the following.
 
With reference to both (1) and (2), Mitchell makes the useful distinction between ac-
tors who are nationals of the government they are reporting on and those who are not. 
While the threat of retaliation for insiders is likely to be much greater than for outsid-
ers, the access of insiders to relevant information is also likely to be greater. Moreover, 
they also may have strong incentives to reveal such information because they oppose 
the acquisition of nuclear weapons on various grounds or as a way of embarrassing and 
bringing external political pressure on a government that they want removed for other 
reasons. 

An example often cited to illustrate the latter motive is the revelation in 2002 by the 
Iranian opposition group Mojahedin-e Khalq of the existence of a centrifuge facility 
at Natanz in Iran. Given that this group has its headquarters in Iraq, thus protecting 
it from retaliation by the Iranian government, it probably is more accurately char-
acterized as an insider/outsider organization. In addition, there is credible evidence 
in this instance that it served as a convenient conduit for the release of information 
acquired by a foreign government opposed to Iran’s nuclear activities. However, to the 
extent that such cooperation makes fire alarms more effective politically, they probably 
should be (discreetly) encouraged.

Also, while outsider NGOs in general have neither the financial resources nor the tech-
nological capabilities available to government intelligence organizations, some NGOs 
involved in monitoring non-nuclear activities have demonstrated impressive capabili-
ties as well as considerable zeal in pursuing their objectives. 
 

1.

2.

3.
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In the nuclear area, there exists a legion of local community-based anti-nuclear groups, 
especially around nuclear sites, including nuclear weapons facilities. They are particu-
larly visible in the United States and United Kingdom, but have also emerged else-
where.385 Over time, some of these groups become very expert in understanding the 
activities at the site they contest, and develop some prominence as principled critics. 
There are now also NGOs that exist as vehicles to expose wrong-doing by government 
programs—a leading U.S. example is the Project on Government Oversight.386 Both 
kinds of groups have served to attract whistle-blowers seeking to reveal problems at 
nuclear facilities where they work. 

While NGOs operating in the nuclear domain currently don’t have great technical 
skills, some, e.g., Greenpeace, the National Resources Defense Council and the Insti-
tute for Science and International Security, have demonstrated the capacity to monitor 
radiation levels or interpret commercial satellite imagery (Figure 9.4), while others, 
such as the Stockholm International Peace Research Institute and the Monterey In-
stitute for International Studies have compiled impressive data bases based on open 
source information. Moreover, technological developments may significantly increase 
these capabilities. The cost of satellite imagery, for example, has declined considerably 
in recent years while its spatial resolution has increased. 

October 2007

August 2007

Figure 9.4. The Al Kibar site in Syria in August and 
October 2007. On 6 September 2007, Israel attacked 

a target inside Syria. Analysts with the Institute for 

Science and International Security (ISIS), a Wash-

ington-based group, acquired commercial satellite 

imagery taken before and after the raid and were 

able to pinpoint the site of the attack (35.708 N, 

39.833 E). A box-shaped building had disappeared 

and efforts were underway to clean-up the site. In 

May 2008, the IAEA informed Syria that it intended 

to send a team of inspectors to Syria to “review all 

available information and to visit the Dair Alzour 

[Al Kibar] site and three other locations alleged by 

some Member States to be of relevance.”387 Credit: 

Google Earth (August 2007) and Digital Globe/ISIS 

(October 2007).
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Understandably, states that provide intelligence information must protect their sources.  
This requires that the IAEA to be very cautious in evaluating and acting on such infor-
mation, however, since accusations that prove to be false alarms entail significant po-
litical costs. Accepting information from non-state actors could considerably increase 
the difficulty of distinguishing false from true alarms. Even assuming that most out-
sider NGOs have strong incentives to accurately report their findings, the information 
provided by insiders is potentially much more valuable, while also generally being 
more difficult to verify.
 
The larger political problem is that while some countries welcome the opportunity 
to provide select information to the IAEA about illicit nuclear activities in states they 
consider to be “rogues,” they are much less enthusiastic about empowering non-state 
actors to do the same because of concerns that the latter might blow the whistle on 
questionable activities within their own borders, particularly with regard to matters 
related to national security.

For their part, many insiders will only provide information if they can do so without 
revealing their identities. Here, technology may be coming to the rescue. Various po-
tential methods have recently been described that use proxy computers in countries 
that don’t censor the internet to assist people to communicate their information un-
traceably.388

 
In sum, the information provided by non-state actors, both insiders and outsiders, 
might significantly assist the IAEA in detecting undeclared nuclear activities. But this 
will require the creation of a system for collecting and evaluating the information, and 
developing procedures for how to respond. This will be even more important in verify-
ing a nuclear-weapon-free world. 

There is, in fact, already a precedent in the field of human rights. The International 
Criminal Court, charged with prosecuting cases of genocide, provides in its founding 
treaty, the Rome Statute, that individuals or organizations may submit information on 
crimes within the jurisdiction of the Court and that “witnesses” must be protected. 
Such information from a non-state party is called a “communication.”389

The ICC procedure is clearly defined: 

“�when the Prosecutor receives a communication, … the Prosecu-
tor shall not seek to initiate an investigation unless he first con-
cludes that there is a reasonable basis to proceed. Once a decision 
to initiate an investigation is taken, senders of related communi-
cations are promptly informed of the decision, with reasons for 
the decision.”

“�The Statute does not specify what the communication should 
contain. The Office analyses all communications received and 
the extent of the analysis is affected by the detail and substantive 
nature of the information available. If the available information 
does not provide sufficient guidance for an analysis that could 
lead to a determination that there is a reasonable basis to pro-
ceed, the analysis is concluded and the sender informed. This 
decision is provisional and may be revised in the event that new 
information is forthcoming.” 



Global Fissile Material Report 2009 123

The obligation to protect witnesses (Article 43.6 of the Rome Treaty) states that 

“�the Registrar shall set up a Victims and Witnesses Unit within 
the Registry. This Unit shall provide, in consultation with the Of-
fice of the Prosecutor, protective measures and security arrange-
ments, counselling and other appropriate assistance for witness-
es, victims who appear before the Court, and others who are at 
risk on account of testimony given by such witnesses.” 

It is possible to imagine similar whistle-blowing and witness-protection provisions in a 
treaty that eliminates and prohibits nuclear weapons. 

Conclusion
The greatest obstacle to establishing a credible system for verifying global nuclear dis-
armament, including the use of societal means, is that the existing nuclear weapons 
states don’t want to give up their weapons. This resistance links the problems of global 
disarmament and a credible verification system, of which societal verification would be 
an essential component, and suggests they are two sides of a coin: one cannot have dis-
armament without effective verification or effective verification without disarmament. 

Regarding the need of societal verification for disarmament, there is no doubt that 
advances in technology can make traditional verification means more sensitive, hence 
less ambiguous, as well as less intrusive and more cost effective. A system for sounding 
the alarm on suspicious activities will still be needed, however, as a complement to 
traditional verification.
 
Regarding the need of disarmament to make societal verification possible, despite con-
siderable support in the nonproliferation community for universal implementation 
of the Additional Protocol to IAEA Safeguards, including the possibility of extending 
its current reach via, e.g., wide area environmental sampling, there is also significant 
resistance to such initiatives without a concomitant commitment on the part of the 
weapons states to disarmament. The need for such a quid pro quo will also be true in 
the case of societal verification. For example, Rotblat’s vision of changing the mindset 
of scientists from citizens of a particular country to “citizens of the world” cannot 
be realized selectively. It is reasonable to expect that only when scientists in nuclear 
weapon states stop work on such weapons will their peers in other countries refuse to 
participate in such programs and blow the whistle on those who do. 
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Appendix A

Fissile Materials and Nuclear Weapons
Fissile materials are essential in all nuclear weapons, from simple first-generation 
bombs, such as those that destroyed Hiroshima and Nagasaki more than sixty years 
ago, to the lighter, smaller, and much more powerful thermonuclear weapons in arse-
nals today. The most common fissile materials in use are uranium highly enriched in 
the isotope uranium-235 (HEU) and plutonium. This Appendix describes briefly the 
key properties of these fissile materials, how they are used in nuclear weapons, and how 
they are produced. 

Explosive Fission Chain Reaction 
Fissile materials can sustain an explosive fission chain reaction. When the nucleus of a 
fissile atom absorbs a neutron, it will usually split into two smaller nuclei. In addition 
to these “fission products,” each fission releases two to three neutrons that can cause 
additional fissions, leading to a chain reaction in a “critical mass“ of fissile material (see 
Figure A.1). The fission of a single nucleus releases one hundred million times more en-
ergy per atom than a typical chemical reaction. A large number of such fissions occur-
ring over a short period of time, in a small volume, results in an explosion. About one 
kilogram of fissile material—the amount fissioned in both the Hiroshima and Nagasaki 
bombs—releases an energy equivalent to the explosion of about 18 thousand tons (18 
kilotons) of chemical high explosives.

Figure A.1. An explosive fission chain-reaction 
releases enormous amounts of energy in one-mil-
lionth of a second. In this example, a neutron is 

absorbed by the nucleus of uranium-235 (U-235), 

which splits into two fission products (barium and 

krypton). The energy set free is carried mainly 

by the fission products, which separate at high 

velocities. Additional neutrons are released in the 

process, which can set off a chain reaction in a 

critical mass of fissile materials. The chain reaction 

proceeds extremely fast; there can be 80 doublings 

of the neutron population in a millionth of a second, 

fissioning one kilogram of material and releasing an 

energy equivalent to 18,000 tons of high explosive 

(TNT).
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The minimum amount of material needed for a chain reaction is defined as the criti-
cal mass of the fissile material. A “subcritical” mass will not sustain a chain reaction, 
because too large a fraction of the neutrons escape from the surface rather than being 
absorbed by fissile nuclei. The amount of material required to constitute a critical mass 
can vary widely—depending on the fissile material, its chemical form, and the charac-
teristics of the surrounding materials that can reflect neutrons back into the core.

Along with the most common fissile materials, uranium-235 and plutonium-239, the 
isotopes uranium-233, neptunium-237, and americium-241 are able to sustain a chain 
reaction. The bare critical masses of these fissile materials are shown in Figure A.2. 

Figure A.2. Bare critical masses for some key fissile 
isotopes. A bare critical mass is the spherical mass 

of fissile metal barely large enough to sustain a 

fission chain reaction in the absence of any material 

around it. Uranium-235 and plutonium-239 are 

the key chain-reacting isotopes in highly enriched 

uranium and plutonium respectively. Uranium-

233, neptunium-237 and americium-241 are, like 

plutonium-239, reactor-made fissile isotopes and 

could potentially be used to make nuclear weapons 

but have not, to our knowledge, been used to make 

other than experimental devices. 

Nuclear Weapons
Nuclear weapons are either pure fission explosives, such as the Hiroshima and Nagasaki 
bombs, or two-stage thermonuclear weapons with a fission explosive as the first stage. 
The Hiroshima bomb contained about 60 kilograms of uranium enriched to about 80 
percent in chain-reacting U-235. This was a “gun-type” device in which one subcritical 
piece of HEU was fired into another to make a super-critical mass (Figure A.3, left). 

Gun-type weapons are simple devices and have been built and stockpiled without a 
nuclear explosive test. The U.S. Department of Energy has warned that it may even 
be possible for intruders in a fissile-materials storage facility to use nuclear materials 
for onsite assembly of an improvised nuclear explosive device (IND) in the short time 
before guards could intervene.

The Nagasaki bomb operated using implosion, which has been incorporated into most 
modern weapons. Chemical explosives compress a subcritical mass of material into a 
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high-density spherical mass. The compression reduces the spaces between the atomic 
nuclei and results in less leakage of neutrons out of the mass, with the result that it 
becomes super-critical (Figure A.3, right). 

Figure A.3. Alternative methods for creating a 
supercritical mass in a nuclear weapon. In the tech-

nically less sophisticated “gun-type” method used 

in the Hiroshima bomb (left), a subcritical projectile 

of HEU is propelled towards a subcritical target of 

HEU. This assembly process is relatively slow. For 

plutonium, the faster “implosion” method used 

in the Nagasaki bomb is required. This involves 

compression of a mass of fissile material. Much less 

material is needed for the implosion method be-

cause the fissile material is compressed beyond its 

normal metallic density. For an increase in density 

by a factor of two, the critical mass is reduced to 

one quarter of its normal-density value.

For either design, the maximum yield is achieved when the chain reaction is initiated 
at the moment a chain reaction in the fissile mass will grow most rapidly, i.e., when the 
mass is most supercritical. HEU can be used in either gun-type or implosion weapons. 
As is explained below, plutonium cannot be used in a gun-type device to achieve a 
high-yield fission explosion.

In modern nuclear weapons, the yield of the fission explosion is typically “boosted” 
by a factor of ten by introducing a mixed gas of two heavy isotopes of hydrogen, deu-
terium and tritium, into a hollow shell of fissile material (the “pit”) just before it is 
imploded. When the temperature of the fissioning material inside the pit reaches about 
100 million degrees, it ignites the fusion of tritium with deuterium, which produces a 
burst of neutrons that increases the fraction of fissile materials fissioned and thereby 
the power of the explosion. 

In a thermonuclear weapon, the nuclear explosion of a fission “primary” generates  
X-rays that compress and ignite a “secondary” containing thermonuclear fuel, where 
much of the energy is created by the fusion of the light nuclei, deuterium and tritium 
(Figure 5.2 in Chapter 5). The tritium in the secondary is made during the explosion 
by neutrons splitting lithium-6 into tritium and helium. 
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Modern nuclear weapons generally contain both plutonium and HEU. Both materials 
can be present in the primary fission stage of a thermonuclear weapon. HEU also is 
often added to the secondary stage to increase its yield without greatly increasing its 
volume.

Because both implosion and neutron-reflecting material around it can transform a sub-
critical into a supercritical mass, the actual amounts of fissile material in the pits of 
modern implosion-type nuclear weapons are considerably smaller than a bare or unre-
flected critical mass. Experts advising the IAEA have estimated “significant quantities” 
of fissile material, defined to be the amount required to make a first-generation implo-
sion bomb of the Nagasaki-type (see Figure A.3, right), including production losses. 
The significant quantities are 8 kg for plutonium and 25 kg of U-235 contained in HEU. 
The United States has declassified the fact that 4 kg of plutonium is sufficient to make 
a nuclear explosive device. 

A rough estimate of average plutonium and HEU in deployed thermonuclear weapons 
can be obtained by dividing the estimated total stocks of weapon fissile materials pos-
sessed by Russia and the United States at the end of the Cold War by the numbers of 
nuclear weapons that each deployed during the 1980s: about 4 kg of plutonium and 
25 kg of HEU.

Production of Fissile Materials
Fissile materials that can be directly used in a nuclear weapon do not occur in nature. 
They must be produced through complex physical and chemical processes. The dif-
ficulties associated with producing these materials remains the main technical barrier 
to the acquisition of nuclear weapons. 

Highly enriched uranium (HEU). In nature, U-235 makes up only 0.7 percent of natu-
ral uranium. The remainder is almost entirely non-chain-reacting U-238. Although an 
infinite mass of uranium with a U-235 enrichment of 6 percent could, in principle, sus-
tain an explosive chain reaction, weapons experts have advised the IAEA that uranium 
enriched to above 20 percent U-235 is required to make a fission weapon of practical 
size. The IAEA therefore considers uranium enriched to 20 per cent or above “direct 
use” weapon-material and defines it as highly enriched uranium. 

To minimize their masses, however, actual weapons typically use uranium enriched to 
90-percent U-235 or higher. Such uranium is sometimes defined as “weapon-grade.” 
Figure A.4 shows the critical mass of uranium as a function of enrichment.

The isotopes U-235 and U-238 are chemically virtually identical and differ in weight 
by only one percent. To produce uranium enriched in U-235 therefore requires sophis-
ticated isotope separation technology. The ability to do so on a scale sufficient to make 
nuclear weapons or enough low-enriched fuel to sustain a large power reactor is found 
in only a relatively small number of nations. 

In a uranium enrichment facility, the process splits the feed (usually natural uranium) 
into two streams: a product stream enriched in U-235, and a waste (or “tails”) stream 
depleted in U-235. Today, two enrichment technologies are used on a commercial scale: 
gaseous diffusion and centrifuges. All countries that have built new enrichment plants 
during the past three decades have chosen centrifuge technology. Gaseous diffusion 
plants still operate in the United States and France but both countries plan to switch to 
more economical gas centrifuge plants. 
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Figure A.4. The fast-neutron critical mass of ura-
nium increases to infinity at 6-percent enrichment. 
According to weapon-designers, the construction of 

a nuclear device becomes impractical for enrich-

ment levels below 20 percent. The critical mass data 

in the figure is for a uranium metal sphere enclosed 

in a 5-cm-thick beryllium neutron “reflector” that 

would reflect about half the neutrons back into the 

fissioning mass.

Gas centrifuges spin uranium hexafluoride (UF6) gas at enormous speeds, so that the 
uranium is pressed against the wall with more than 100,000 times the force of gravity. 
The molecules containing the heavier U-238 atoms concentrate slightly more toward 
the wall relative to the molecules containing the lighter U-235. This effect can be ex-
ploited to separate the two isotopes. An axial circulation of the UF6 is induced within 
the centrifuge, which multiplies this separation along the length of the centrifuge, 
and increases the overall efficiency of the machine significantly (see Figure A.5 for an 
illustration).

Plutonium. Plutonium is an artificial isotope produced in nuclear reactors when ura-
nium-238 (U-238) absorbs a neutron creating U-239 (see Figure A.6). The U-239 sub-
sequently decays to plutonium-239 (Pu-239) via the intermediate short-lived isotope 
neptunium-239.

The longer an atom of Pu-239 stays in a reactor after it has been created, the greater 
the likelihood that it will absorb a second neutron and fission or become Pu-240—or 
absorb a third or fourth neutron and become Pu-241 or Pu-242. Plutonium therefore 
comes in a variety of isotopic mixtures. 

The plutonium in typical power-reactor spent fuel (reactor-grade plutonium) contains 
50–60% Pu-239, and about 25% Pu-240. Weapon designers prefer to work with a mix-
ture that is as rich in Pu-239 as feasible, because of its relatively low rate of generation 
of radioactive heat and relatively low spontaneous emissions of neutrons and gamma 
rays (Table A.1). Weapon-grade plutonium contains more than 90% of the isotope Pu-
239 and has a critical mass about three-quarters that of reactor grade plutonium. 
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Figure A.5. The gas centrifuge for uranium en-
richment. The possibility of using centrifuges to 

separate isotopes was raised shortly after isotopes 

were discovered in 1919. The first experiments using 

centrifuges to separate isotopes of uranium (and 

other elements) were successfully carried out on a 

small scale prior to and during World War II, but 

the technology only became economically competi-

tive in the 1970s. Today, centrifuges are the most 

economic enrichment technology, but also the most 

proliferation-prone.

Figure A.6. Making plutonium in a nuclear reactor. 
A neutron released by the fissioning of a chain-re-

acting U-235 nucleus is absorbed by the nucleus of 

a U-238 atom. The resulting U-239 nucleus decays 

with a half-life of 24 minutes into neptunium, which 

in turn decays into Pu-239. Each decay is accompa-

nied by the emission of an electron to balance the 

increase in charge of the nucleus and a neutrino.
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Isotope Critical Mass  
[kg]

Half Life
[years]

Decay Heat
[watts/kg]

Neutron Generation
[neutrons/g-sec]

Pu-238 10 88 560 2600

Pu-239 10 24,000 1.9 0.02

Pu-240 40 6,600 6.8 900

Pu-241 13 14 4.2 0.05

Pu-242 80 380,000 0.1 1700

Am-241 60 430 110 1.2

WPu (94% Pu-239) 10.7 2.3 50

RPu (55% Pu-239) 14.4 20 460

 
Table A.1. Key properties of plutonium isotopes 
and Am-241 into which Pu-241 decays. Data from: 

U.S. Department of Energy, “Annex: Attributes of 

Proliferation Resistance for Civilian Nuclear Power 

Systems,” in Technological Opportunities to Increase 

the Proliferation Resistance of Global Nuclear Power 

Systems, TOPS, Washington, DC, U.S. Department 

of Energy, Nuclear Energy Research Advisory Com-

mittee, 2000, www.ipfmlibrary.org/doe00b.pdf, p. 

4; see also, J. Kang et al., “Limited Proliferation-

Resistance Benefits from Recycling Unseparated 

Transuranics and Lanthanides from Light-Water 

Reactor Spent Fuel,” Science & Global Security, Vol. 

13, 2005, p. 169.

For a time, many in the nuclear industry thought that the plutonium generated in 
power reactors could not be used for weapons. It was believed that the large fraction 
of Pu-240 in reactor-grade plutonium would reduce the explosive yield of a weapon to 
insignificance. Pu-240 fissions spontaneously, emitting neutrons. This increases the 
probability that a neutron would initiate a chain reaction before the bomb assembly 
reached its maximum supercritical state. This probability increases with the percentage 
of Pu-240. 

For gun-type designs, such “pre-detonation” reduces the yield a thousand-fold, even 
for weapon-grade plutonium. The high neutron-production rate from reactor-grade 
plutonium similarly reduces the probable yield of a first-generation implosion design— 
but only by ten-fold, because of the much shorter time for the assembly of a super-
critical mass. In a Nagasaki-type design, even the earliest possible pre-initiation of the 
chain reaction would not reduce the yield below about 1000 tons TNT equivalent. That 
would still be a devastating weapon.

More modern designs are insensitive to the isotopic mix in the plutonium. As summa-
rized in a 1997 U.S. Department of Energy report: 

“�Virtually any combination of plutonium isotopes … can be used 
to make a nuclear weapon … reactor-grade plutonium is weap-
ons-usable, whether by unsophisticated proliferators or by ad-
vanced nuclear weapon states …”

“�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 pluto-
nium that would have an assured, reliable yield of one or a few 
kilotons (and a probable yield significantly higher than that). At 
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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 gener-
ally comparable to those of weapons made from weapon-grade 
plutonium.”

For use in a nuclear weapon, the plutonium must be separated from the spent fuel and 
the highly radioactive fission products that the fuel also contains. Separation of the 
plutonium is done in a “reprocessing” operation. With the current PUREX technol-
ogy, the spent fuel is chopped into small pieces and dissolved in hot nitric acid. The 
plutonium is extracted in an organic solvent that is mixed with the nitric acid using 
blenders and pulse columns, and then separated with centrifuge extractors. Because all 
of this has to be done behind heavy shielding and with remote handling, reprocessing 
requires both resources and technical expertise. Detailed descriptions of the process 
have been available in the published technical literature since the 1950s.

Spent fuel can only be handled remotely, due to the very intense radiation field. This 
makes its diversion or theft a rather unrealistic scenario. Separated plutonium can be 
handled without radiation shielding, but is dangerous when inhaled or ingested.
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This list of nuclear weapons locations includes sites where there is reason to believe 
that: 1) nuclear weapons probably are deployed or stored; and 2) nuclear weapons and 
their components are designed, fabricated and assembled, or dismantled. It is based on 
open sources.390 

Country Location/Name Region/Province Weapon System Remarks

Belgium
Kleine Brogel Air 
Base

Limburg B61-3/4 
US bombs for delivery by 
Belgian F-16s of the 10th 
Wing

Subtotal 1

China391

Baoji area Shaanxi Various
Regional warhead storage 
site

Chinese Academy of 
Engineering Physics, 
Mianyang (Science 
City)

Sichuan Various Warhead design

Danyang Air Base Hubei Bombs
Potential weapons storage 
facility for nuclear bombs, 
near H-6 bomber base392

Huaihua region  
(55 Base)

Hunan DF-4 SSM

Regional warhead storage 
site for 803, 805 and 
814 Missile Brigades 
subordinate to 55 Base HQ

Huangshan region 
(52 Base)

Anhui, Jiangxi DF-3A/DF-21 SSM

Regional warhead storage 
site for 807, 811, 815 and 
817 Missile Brigades 
subordinate to 52 Base HQ

Kunming region  
(53 Base)

Yunnan DF-3A/DF-21 SSM

Regional warhead 
storage site for 802 and 
808 Missile Brigades 
subordinate to 53 Base HQ

Jianggezhuang Naval 
Base

Shandong JL-1 SLBM Possible warhead storage

Luoyang region  
(54 Base)

Henan
DF-4/DF-5A/DF-31 

SSM

Regional warhead storage 
site for 801, 804 and 
813 Missile Brigades 
subordinate to 54 Base HQ

Pingtung area 
(Institute of 
Materials)

Sichuan Various

Nuclear weapons 
fabrication, with possible 
underground warhead 
storage near Mianyang

Appendix B

Worldwide Locations of 
Nuclear Weapons, 2009
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Country Location/Name Region/Province Weapon System Remarks

China

Shenyang region  
(51 Base)

Liaoning, Jilin DF-3A/DF-21 SSM

Regional storage site 
for 806, 810, 816, and 
818 Missile Brigades 
subordinate to 51 Base HQ

Xining region  
(56 Base)

Qinghai, Shaanxi
DF-3A/DF-4/DF-21 

SSM

Regional storage site 
for 806, 809, 812 Missile 
Brigades subordinate to 56 
Base HQ

Yidu area Shandong DF-21 SSM Possible warhead storage

Yulin Naval Base Hainan JL-2 SLBM Possible warhead storage

Zitong (Research and 
Design Academy of 
Nuclear Weapons)

Sichuan Various
Warhead assembly, 
disassembly and 
dismantlement393

Subtotal 14

France

Centre d‘Etudes  
de Valduc

Bourgogne
TN75, TN81, TNA, 

TNO

Assembly, disassembly and 
dismantlement of nuclear 
warheads

Ile Longue Naval 
Base

Bretagne M45 (M51) SLBM

TN75 warheads on 
Triumphant-class SSBNs. 
From 2010 TNO warheads 
on M51 SLBM

Istres Air Base Provence ASMP (ASMP-A)

TN81 warheads for ASMP 
for Mirage 2000N. From 
2010 TNO warheads for 
ASMP-A

Luxeuil-les-Bains 
Air Base

Franche-Comté ASMP (ASMP-A)

TN81 warheads for ASMP 
for Mirage 2000N. From 
2010 TNO warheads for 
ASMP-A

Saint-Dizier Air Base Champagne-Ardenne ASMP-A
Deployment of ASMP-A for 
Rafale K3 begins in 2009

South of Ile Longue Bretagne TN75 (TNO)

Warhead storage site for 
M45 SLBMs at nearby 
SSBN base. From 2010 also 
M51 SLBMs with TNO

Toulon Naval Base, 
or vicinity394 Côte d’Azur ASMP (ASMP-A)

TN81 warheads for ASMP 
for Super Étendard on 
Charles de Gaulle aircraft 
carrier. From 2011 TNA 
warheads on ASMP-A for 
Rafale MK3

Subtotal 7

Germany Büchel Air Base Rheinland-Pfalz B61-3/4

US bombs for delivery by 
German PA-200 Tornados 
of the 33rd Fighter-Bomber 
Wing

Subtotal 1

India

Chandighar Plant Punjab Various
Possible production of 
nuclear weapons

Jodhpur Storage 
Facility

Rajasthan Prithvi/Agni SSM
Potential underground 
facility for Prithvi and/or 
Agni launchers

Unknown facility 
(Air Force)

Unknown Bombs

For possible use by Jaguar-
IS at Gorakhpur and 
Lohegaon air bases, and 
Mirage 2000H at Ambala 
and Gwalior air bases
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Country Location/Name Region/Province Weapon System Remarks

India

Unknown facility 
(Army)395 Unknown Prithvi/ Agni SSM

For use by 222nd and 
333rd Missile Groups 
(Prithvi), and 334th and 
335th Missile Groups 
(Agni)

Unknown facility 
(Navy)

Unknown Dhanush SSM
For Dhanush ship-
launched SSMs396

Subtotal 5

Italy

Aviano Air Base Friuli-Venezia Giulia B61-3/4
US bombs for delivery by 
US F-16s of the 31st Fighter 
Wing

Ghedi Torre Air Base Lombardia B61-3/4
US bombs for delivery by 
Italian PA-200 Tornados of 
the 6th Wing

Subtotal 2

Israel397

Dimona  
(Negev Nuclear 
Research Center)

n.a. Various
Plutonium, tritium, and 
warhead production 
complex

Sdot Micha Base 
and/or Tirosh Depot

n.a. Jericho II SSM
Warheads for 
approximately 50 MRBMs 
in caves

Soreq Nuclear 
Research Center

n.a. Various
Possible warhead design 
and fabrication

Tel Nof Air Base n.a. Bombs
For F-16Is. Nuclear bombs 
possibly in adjacent WSAs 
near base

Subtotal 4

Netherlands Volkel Air Base Noord-Brabant B61-3/4
US bombs for delivery by 
Dutch F-16s of the 1st Wing 

Subtotal 1

North Korea398 ? ? ?
It is unknown how North 
Korea has weaponized its 
nuclear capability

Subtotal ?

Pakistan

Fatejhang National 
Defense Complex

Punjab SSM
Missile development and 
potential warhead storage 
capability

Masroor Weapons 
Depot

Sindh Various
Potential storage of bombs 
for Mirage Vs at Masroor 
Air Base, and/or warheads 

Quetta Air Base Balochistan Bombs

Potential storage site with 
underground facilities in 
high-security weapons 
storage area near Quetta 
Air Base

Sargodha Weapons 
Depot399 Punjab Various

Potential storage site for 
bombs for F-16s at nearby 
Sargodha Air Base, and 
warheads for SSMs

Shanka Dara Missile 
Complex

Punjab SSM
Missile development and 
potential warhead storage 
capability
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Country Location/Name Region/Province Weapon System Remarks

Pakistan

Unknown facility 
(Air Force)

? Bombs

Central Air Force storage 
facility with bombs for 
F-16s at F-16s at Sargodha 
Air Base, and Mirage Vs at 
Kamra Air Base

Unknown facility 
(Army)

? SSM/GLCM

Central Army storage 
facility with warheads for 
SSMs and Babur cruise 
missiles

Wah Ordnance 
Facility400 Punjab Various

Possible warhead 
production, disassembly 
and dismantlement facility

Subtotal 8

Russia401

Barnaul Missile 
Division

Altai Krai SS-25 ICBM Warheads on 36 ICBMs

Belaya Air Base Irkutsk AS-4 ASM, bombs

For Tu-22M3 Backfire 
bombers. Weapons 
possibly stored in remote 
WSA

Borisoglebsk 
(Voronezh-45)

Voronezh Various
National level weapons 
storage site

Chazma (Abrek) 
Bay SLBM Storage 
Facility

Primorsky SLBM/SLCM/ASW
Possible storage of 
warheads for SLBMs and 
other naval weapons

Chebsara  
(Vologda-20)

Vologda Various
National level weapons 
storage site

Dodonovo 
(Krasnoyarsk-26)

Krasnoyarsk Various
National level weapons 
storage site

Dombarovskiy-
Yasnyy Missile 
Division

Orenburg SS-18 ICBM Warheads for 34 ICBMs

Engels Air Base Saratov AS-15 ASM, bombs

For Tu-160 Blackjack and 
Tu-95 Bear bombers. 
Weapons probably stored 
in adjacent WSA 

Golovchino 
(Belgorod-22)

Belgorod Various
National level weapons 
storage site

Irkutsk Missile 
Division

Irkutsk SS-25 ICBM Warheads for 27 ICBMs

Karabask 
(Chelyabinsk-115)

Chelyabinsk Various
Possible national level 
storage facility for 
Chelyabinsk-70

Korfovskiy 
(Khabarovsk-47)

Khabarovsk Various
National level weapons 
storage site

Korolev area Moscow Gazelle ABM
Warheads for 12 
interceptors

Kozelsk Missile 
Division

Kaluga SS-19 ICBM Warheads for 31 ICBMs

Krasnoarmeyskoye 
(Saratov-63)

Saratov Various
National level weapons 
storage site402

Lakhta-Kholm Air 
Base

Arkhangelsk AS-4 ASM, bombs
For Tu-22M3 Backfire 
bombers. Possible WSA 
near by
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Country Location/Name Region/Province Weapon System Remarks

Russia

Lesnoy  
(Sverdlovsk-16/45)403 Sverdlovsk Various

Warhead assembly 
plant and national level 
weapons storage site404

Lytkarino area Moscow Gazelle ABM
Warheads for 16 
interceptors

Mongokhto 
(Alekseyevka)  
Air Base

Khabarovsk AS-4, bombs

For Tu-22M3 Backfire 
bombers. Weapons 
possibly stored in WSA 
near base 

Mozhaysk-10 Moscow Various
National level weapons 
storage site

Nerpichya Weapons 
Storage Facility

Kola Various

Potential storage facility 
for naval weapons, 
including for nearby 
Bolshaya Lopatka Naval 
Base

Nizhniy Tagil Missile 
Division

Sverdlovsk SS-25 ICBM Warheads for 27 ICBMs

Novosibirsk Missile 
Division

Novosibirsk SS-25 ICBM Warheads for 36 ICBMs

Okolnaya SLBM 
Storage Facility

Kola SLBM
Possibly storage of 
warheads for SLBMs and 
other naval weapons

Olenegorsk Storage 
Facility

Kola Various

National level nuclear 
weapons storage site 
(possibly two: Olenegorsk-
2 near Ramozero and 
Olenegorsk-8 near Vysokiy)

Rybachiy Naval Base Kamchatka SS-N-18 SLBM
Warheads on SS-N-18s 
onboard Delta III-class 
SSBNs

Rzhanitsa  
(Bryansk-18)

Bryansk Various
National level weapons 
storage site

Sarov  
(Arzamas-16)405 Nizhni Novgorod Various Possibly limited storage 

Sebezh-5 Pskov Various
National level weapons 
storage site

Selikhino 
(Komsomolsk-31)

Khabarovsk Various
National level weapons 
storage site

Shaykovka Air Base Kaluga AS-4 ASM, bombs
For Tu-22M3 Backfire 
bombers. Weapons 
probably in remote WSA406

Skhodnya area Moscow Gazelle ABM
Warheads for 16 
interceptors

Snezhinsk407 
(Chelyabinsk-70)

Chelyabinsk Various
Nuclear warhead design 
laboratory and national 
level weapons storage site

Sofrino area Moscow Gazelle ABM
Warheads for 12 
interceptors

Soltsy Air Base Novgorod AS-4 ASM, bombs
For Tu-22M3 Backfire 
bombers. Possible WSA 
near base

Tatishchevo Missile 
Division

Saratov SS-19, SS-27 ICBM
Warheads for 41 SS-29 and 
50 SS-27 ICBMs
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Country Location/Name Region/Province Weapon System Remarks

Russia

Teykovo Missile 
Division

Ivanovo SS-25, SS-27 ICBM
Warheads for 9 SS-25 and 
13 SS-27 ICBMs

Trekhgorny408 
(Zlatoust-36)

Chelyabinsk Various Warhead assembly409

Ukrainka Air Base Amur AS-15 ASM, bombs
For Tu-95 Bear bombers. 
Possible WSA near base

Uzhur Missile 
Division

Krasnoyarsk SS-18 ICBM Warheads for 34 ICBMs

Vidyaevo Naval Base Kola Various
Warheads for naval forces 
in central storage

Vilyuchinsk SLBM 
Storage Facility

Kamchatka SLBM
Warheads for SS-N-18 
SLBMs, possibly also other 
naval weapons

Vnukovo area Moscow Gazelle ABM
Warheads for 12 
interceptors

Vozdvizhenka Air 
Base

Primorsky AS-4 ASM, bombs
For Tu-22M3 Backfire 
bombers. Possible WSA 
near base

Vypolzovo Missile 
Division

Novogorod/Tver SS-25 ICBM Warheads for 18 ICBMs

Yagelnaya Naval 
Base

Kola SS-N-23 SLBM

Warheads on SLBMs on 
Delta IV-class SSBNs. 
Possible WSA near base. 
Might also store other 
naval weapons

Yoshkar-Ola Missile 
Division

Mari El SS-25 ICBM Warheads for 27 ICBMs

Zalari (Irkutsk-45) Transbaikal Various
National level warhead 
storage site

Subtotal 48410

Turkey Incirlik Air Base Adana B61-3/4
US bombs for delivery by 
F-16s from other US bases 

Subtotal 1

United Kingdom

Aldermaston 
Atomic Weapons 
Establishment

England UK Trident System
Warhead design. Possibly 
a few warheads present

Burgfield 
Atomic Weapons 
Establishment

England UK Trident System
Warhead assembly, 
disassembly and 
dismantlement

Coulport Royal Navy 
Ammunition Depot

Scotland UK Trident System
National level warhead 
storage site

Faslane Royal Navy 
Base

Scotland
Warheads and 

Trident II D5 SLBM
On deployed Vanguard-
class SSBNs

Subtotal 4

United States

Bangor (Kitsap) 
Naval Submarine 
Base

Washington
W76, W76-1, W88, 
Trident II D5 SLBM

On deployed Ohio-class 
SSBNs

Barksdale  
Air Force Base

Louisiana
B61-7, B83-1, 
W80-1/ALCM

For B-52Hs of the 2nd BW

Kings Bay Naval 
Submarine Base

Georgia
W76, W76-1, W88, 
Trident II D5 SLBM

On deployed Ohio-class 
SSBNs
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Country Location/Name Region/Province Weapon System Remarks

United States

Kirtland  
Air Force Base

New Mexico
B61, W62, W80, B83, 

W78, W87411

National level Air Force 
warhead storage site

Lawrence Livermore 
National Laboratory

California W62, W83, W87
Warhead design. Fissile 
material to be cleaned out

Los Alamos  
National Laboratory

New Mexico
B61, W76, W78, W80, 

W88

Warhead design, 
surveillance and 
maintenance

Malmstrom 
Air Force Base and 
Missile Field

Montana W62,412 W78, W87
Warheads for 150 
Minuteman III ICBMs

Minot  
Air Force Base and 
Missile Field

North Dakota
B61-7, W62,413 W78, 

B83-1, W87

Warheads for 150 
Minuteman III ICBMs and 
bombs for B-52Hs of the 
5th BW

Nellis  
Air Force Base

Nevada
B61, W62, W80, B83, 

W78, W87414

National level Air Force 
warhead storage site

Pantex Plant Texas Various
Warhead assembly, 
disassembly and 
dismantlement

Seymour-Johnson  
Air Force Base

North Carolina B61-3/4 For F-15Es of the 4th FW

Strategic Weapons 
Facility Atlantic 
(Kings Bay)

Georgia
W80-0/TLAM-N, 

W76, W76-1, W88, 
Trident II D5 SLBM

National level Navy 
warhead storage site

Strategic Weapons 
Facility Pacific 
(Bangor)

Washington
W80-0/TLAM-N, 

W76, W76-1, W88, 
Trident II D5 SLBM

National level Navy 
warhead storage site

Warren Air Force 
Base and Missile 
Field

Colorado, Nebraska, 
Wyoming

W62,415 W78, W87
Warheads for 150 
Minuteman III ICBMs

Whiteman Air Force 
Base

Missouri B61-7/11, B83-1 For B-2s of the 509th BW

Subtotal 15

Total 111

Abbreviations: ABM = Anti-Ballistic Missile; ALCM = Air-Launched Cruise Missile; ASM = Air-to-Surface Mis-

sile; ASMP = Air-Sol Moyenne Portée; ASW = Anti-Submarine Warfare; BW = Bomb Wing; FW = Fighter Wing; 

GLCM = Ground-Launched Cruise Missile; HQ = Headquarters; ICBM = Intercontinental Ballistic Missile; SLBM 

= Submarine-Launched Ballistic Missile; SLCM = Sea-Launched Cruise Missile; SSBN = Nuclear Powered Bal-

listic Missile Submarine; SSM = Surface-to-Surface Missile; TLAM/N = Tomahawk Land-Attack Missile/Nuclear; 

WSA = Weapons Storage Area.
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Chapter 1. ��Nuclear Weapon and Fissile Material Stocks and Production

1. 	 www.fas.org/programs/ssp/nukes/nuclearweapons/nukestatus.html

2.  �	 �“The Legacy of START and Related U.S. Policies,” U.S. Department of State, Bureau of Verification, 
Compliance, and Implementation, Fact Sheet, 16 July 2009, www.state.gov, mirrored at www.ipfm-
library.org/gov09.pdf.

3.  	 www.fas.org/blog/ssp/2009/07/start.php

4. 	 www.whitehouse.gov/the_press_office/The-Joint-Understanding-for-The-START-Follow-On-Treaty

5. 	� A long-standing proposal has been that the United States and Russia should agree to a ceiling of 
1000 total warheads each, roughly equal to the total number of weapons held by all the other nuclear 
weapon states. One suggestion was for a nuclear force of 1000 weapons of which 500 are operation-
ally deployed and another 500 in a reserve force that would take much longer to prepare for use; see 
S. D. Drell, and J. E.Goodby, “What are Nuclear Weapons For? Recommendations for Restructuring 
U.S. Strategic Nuclear Forces,” Arms Control Association, April 2005. In 2009, arms control advocates 
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