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 Introduction
Ray Acheson, Greg Mello, and Trish Williams-Mello

Article VI of the nuclear Non-Proliferation Treaty (NPT) 
obligates all states parties to “undertake to pursue  
negotiations in good faith on effective measures relating 
to cessation of the nuclear arms race at an early date and 
to nuclear disarmament.” Nuclear weapon modernisation 
is the qualitative aspect of the “nuclear arms race”.  
Forty-five years ago the NPT required this practice to 
end “at an early date,” an outcome the Treaty paired 
with “good faith” progress toward nuclear disarmament. 
The NPT, especially as unanimously and authoritatively 
interpreted by the International Court of Justice, requires 
nuclear disarmament.1 The illegitimacy of nuclear weapons 
is a foundation of the NPT.  

Yet as the chapters in this volume show, all of the  
nuclear-armed states are modernising their nuclear  
arsenals, and some are continuing to expand them.2  
China, the Democratic People’s Republic of Korea, 
France, India, Israel, Pakistan, Russia, the United  
Kingdom, and the United States collectively possess 
approximately 15,650 nuclear weapons.3

Modernisation is driven largely by the quest for military 
advantage. Nuclear “deterrence” requires the threat  
of the use of nuclear weapons to be credible, and  
preparations for such use, legitimate.  Modernisation,  
especially if new “military characteristics” are created,  
refreshes the perceived utility and credibility of nuclear 
use, both technically and politically. At the same time,  
modernisation, and specifically the investments necessary 
for it, is also a legitimacy-making exercise. The greater  
the investment and sacrifices necessary, the greater the 
perceived legitimacy of nuclear weapons in  
national policies.

Like other machines, nuclear warhead components and 
delivery systems do age, fail, or become incompatible with 
other modernised weapon system components. Having a 

nuclear weapon system at all implies modernisation and 
new capabilities to a greater or a lesser degree, sooner or 
later. Most weapon system components must eventually 
be replaced, and decades-old components will invariably 
be replaced by modern ones. These must sometimes be 
produced in one-of-a-kind facilities, which themselves 
must be renewed. Obsolete technologies will not be, 
and often cannot be, used. Meanwhile some of the skills 
involved are unique to the nuclear weapons enterprise 
and require years of training. Maintaining nuclear weapons 
means that these skills must be developed, maintained, 
and transmitted to new workers, which in turn implies 
some kind of continuous real work, certainly including 
evaluation, design, maintenance, production of some sort, 
and dismantlement. In short, maintenance, replacement, 
and upgrading are synonymous with long-continued  
possession of nuclear weapons.  

Thus modernisation is inevitable as long as nuclear 
weapons exist. The only way to avoid modernisation is to 
prohibit and eliminate the weapons. 

There is no comprehensive, explicit legal prohibition of  
the possession or use of nuclear weapons. And no treaty 
governs the total number of deployed nuclear warheads, 
their alert status, the number of maintained, working  
nuclear warheads held in reserve, the total number  
of warheads in the retired inventory or in a firm  
dismantlement queue, the number of warheads actually 
dismantled, or the number of reusable nuclear  
components held in inventory from those warheads.  
There are no treaty-based qualitative restraints on nuclear 
weapon system technology.

The programmes and policies of the nuclear-armed states 
are designed to perpetuate their possession of these 
weapons into the indefinite future. Internationally, these 
governments have backed the interests that sustain  
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these programmes by adopting inflexible political  
positions against pursuing initiatives to ban and eliminate 
nuclear weapons, or even in most cases to discuss the 
humanitarian impact of nuclear weapons. They have  
argued that any activities not explicitly found within the 
2010 NPT Action Plan will distract and detract from 
“progress” on the actions articulated in that plan – which 
are based on steps that have been on the international 
agenda since the 1950s.4 However, most of the  
incremental steps that have been agreed to have not been 
implemented. And actions such as modernisation have 
actually resulted in steps backwards.

Failure by the nuclear-armed states to meet their legal 
obligation to end the nuclear arms race and eliminate their 
arsenals must be met with resolve for concrete action  
by non-nuclear-armed states so as to avoid further  
entrenchment of the indefinite possession of nuclear 
weapons.5 All governments have the responsibility to 
prevent a humanitarian tragedy. 

We know that nuclear weapons represent just a tragedy. 

The immediate effects of even a single nuclear weapon 
detonation are horrifying and overwhelming. One  
detonation will cause tens of thousands of casualties and 
inflict immediate and irreversible damage to infrastructure, 
industry, livelihoods, and human lives. The effects will 
persist over time, devastating human health, the  
environment, and our economies for years to come. 
These impacts will wreak havoc with food production and  
displace entire populations.6

The existence of nuclear weapons generates great risk. 
There have been many instances of near-misses and 
potential accidental nuclear detonations.7 There have also 
been a number of recent reports of the declining  
operational atmosphere and disturbing behaviour of those 

in supposed “command and control” of these arsenals.8 
Furthermore, the policies of “nuclear deterrence” and 
military doctrines of nuclear-armed states and their allies 
require preparations for the use of nuclear weapons.  
The potential use of nuclear weapons in a conflict  
between their possessors or in pre-emptive or retaliatory 
strikes against others is not a threat of the past.

Nuclear weapons waste money. The money spent on 
nuclear weapons not only detracts from the resources 
available to tackle ecological, social, economic, and  
energy crises, but also reinforces the institutions that  
benefit from weapons and war. The maintenance and  
modernisation of nuclear weapons undermine  
development and the achievement of global economic  
and social equality.

The overwhelming majority of states have rejected  
nuclear weapons. They do not see them as instruments 
of security but rather of mutual destruction. Yet unlike 
the other weapons of mass destruction, nuclear weapons 
have not been categorically banned. Now is the time to 
address this anomaly, which has been allowed to persist 
for far too long.
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China
Hui Zhang
 

Current status 
There are various estimates on the size of China’s  
nuclear arsenal. Some estimates suggest China currently 
has approximately 190 nuclear warheads including  
approximately 120 operationally deployed nuclear  
missiles and approximately 70 warheads stored for its 
submarine-launched ballistic missiles and bombers. Each 
of those nuclear ballistic missiles carries a single warhead, 
which are normally separated from the missiles.1 The  
Federation of American Scientists argues that China has  
a total stockpile of 250 nuclear weapons.2 In April 2013, 
China published a new white paper that gives an overview 
of China’s military strategy. As in previous defence papers 
and other official documents the white paper does not 
reveal any basic information on the size of China’s current 
nuclear capability or nuclear arsenal.3 Unlike the other 
nuclear weapon states, which are maintaining their current 
arsenal levels or are slowly decreasing, China is believed  
to be slowly increasing the size of its nuclear  
weapons arsenal.4

China has not declared publically that is has ended the  
production of highly enriched uranium (HEU) and  
plutonium for nuclear weapons, though it is believed that 
China stopped production of HEU in 1987 and plutonium by 
1990. China’s military inventory would be about 18±4 tons 
of weapon-grade HEU and 1.8±0.5 tons of weapon-grade 
plutonium.5

Modernisation
Beijing is concerned with maintaining what it sees as a  
“limited” and “effective” nuclear arsenal and its  
modernisation programme has focused on increasing the 
“survivability” of its land-based strategic missiles. China is 
phasing out its older missiles and replacing them with new 
ones in order to increase their range and sophistication.6 
Meanwhile, recently China has sped up the modernisation 
of its sea-based strategic force. China has replaced its first 
generation ballistic nuclear missile-carrying submarines.7 
US missile “defence” plans will be a major driving  
forcing for China’s nuclear weapon modernisation, as some 
Chinese officials are concerned that even a limited missile 
“defence” system could neutralize China’s nuclear force. 

China was reported to be phasing out its older missiles, 
DF-3A and the DF-4, and replacing them with new DF-21 
and DF-31In addition, China has deployed four other  
nuclear-capable ballistic missiles, the DF-5A, DF-31,  
DF-31A, and JL-2.8 These developments in missile  
capability will both increase the range and sophistication of 
land-based systems and nuclear-powered ballistic missile 
submarines. Estimates as the end of 2014 indicate that 

China has about 120 land-based nuclear ballistic missiles 
that can carry one warhead each. A 2014 US DoD report 
states that China may be developing a new road-mobile 
ICBM known as the Dong Feng-41 (DF-41), possibly  
capable of carrying multiple independently targetable  
re-entry vehicles (MIRVs).9 China also has additional 
warheads for their submarine launched ballistic missiles 
(SLBMs) as well as bombs for air delivery. Some  
analysts have argued that China is currently modernising  
its sea-based strategic force in order to secure a  
second-strike force.10

Economics
It is difficult to estimate the cost of China’s nuclear weapon 
force, however, assuming that China consistently  
maintains 5% of its overall military expenditure for its  
nuclear weapons programme,11 China would have spent 
between US$6.6 and $13billion on its nuclear programme 
in 2014. 

International law and doctrine
China has signed but not ratified the Comprehensive  
nuclear Test Ban Treaty (CTBT). Most estimates assume 
China will ratify the CTBT only after the United States 
does. China officially supports the commencement of 
negotiations of a fissile materials cut-off treaty (FMCT) at 
the Conference on Disarmament, but US plans to develop 
its missile “defence” capabilities will likely affected China’s 
willingness to participate in FMCT negotiations. If China 
remains concerned about US missile “defence,” it could 
seek to develop more fissile materials to fuel additional 
ICMBs. In terms of disarmament, China is bound by article 
VI of the NPT to negotiate the elimination of its arsenal, 
though has consistently demanded the US and Russia 
reduce their arsenals first.

Public discourse
China is one of the least transparent of the nuclear-armed 
states. There is scant public debate about nuclear weapons 
in China. After US President Obama outlined his  
“vision” of a nuclear weapon free world, an online survey 
conducted by the People’s Daily newspaper indicated that 
51% of respondents wanted nuclear disarmament while 
49% did not.12 Beijing believes the transparency of its own 
nuclear strategy and nuclear doctrine is more important 
than that of its force posture. Further, China contends the 
opacity of its force posture can serve to enhance the  
“deterrence effect” of its smaller nuclear force, which is 
helpful for maintaining “strategic stability”. However, a 
certain level of nuclear transparency measures, including 
nuclear strategic intentions and nuclear capabilities, are 
seen as necessary to maintain nuclear “strategic stability” 
among nuclear-armed states.
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France
Hans Kristensen

Current status
France possesses approximately 300 nuclear warheads, 
approximately 290 of which are deployed or operationally 
available for deployment on short notice.13 Its delivery  
vehicles consist of approximately 40 aircraft assigned a 
total of 54 cruise missiles; and four nuclear-powered  
ballistic missile submarines (at least two of which are  
always fully operational) equipped with nuclear-armed  
long-range ballistic missiles.14 Former president Nicolas 
Sarkozy stated in 2008 that the French nuclear “arsenal 
will include fewer than 300 nuclear warheads” and that 
it “has no other weapons beside those in its operational 
stockpile.”15 But in February 2015, President François 
Hollande stated that the stockpile included 300 warheads 
for 48 SLBMs and 54 cruise missiles.16 France is no longer 
thought to be producing fissile materials for nuclear  
weapons. It is believed to have an estimated six tons of  
plutonium and 26±6 tons of highly enriched uranium.17

Modernisation
France is replacing its remaining M45 sea-launched  
ballistic missile with the more capable M51 on its four  
Triumphant-class submarines. Starting in 2016, one year 
later than planned, the M51 will receive a new nuclear 
warhead, known as the TNO (Tête Nucléaire Océanique). 
In February 2015, President François Hollande announced 
a decision to develop a SLBM to arm a next-generation 
SSBN of about the same size as the current Triumphant- 
class SSBN.18

Holland also declared that studies have been carried  
out for a next-generation air-launched cruise missile,19 
tentatively known as ASN4G.20 Half of the land-based 
nuclear bomber force has been upgraded to Rafale, and 
by 2018 the Rafale will also replace the remaining Mirange 
2000Ns at Istres Air Base. That same year, the first two of 
a fleet of 12 Phoénix-class Airbus tankers will be deployed 
at Avon Air Base.

President Hollande also declared in 2015 that he had  
“instructed the Atomic Energy Commission [CEA] to 
prepare the necessary adaptations of our nuclear warheads 
ahead of the end of their operational life.”21

Economics
The French government has indicated that it spends  
approximately US$4.6 billion on its nuclear forces each 
year,22 though a report from Global Zero estimates that the 
total cost for 2011 was approximately $6 billion.23  

The 2015 budget envisions $3.8 billion for nuclear  
weapon equipment.24

International law and doctrine
Despite France’s obligation to pursue negotiations toward 
nuclear disarmament, President Hollande declared in 2015 
that “the time of the nuclear deterrent is not a thing of the 
past. There can be no question of lowering our guard,  
including in that area.”25 Moreover, Hollande said it is 
French policy that, “If the level of other arsenals,  
particularly those of Russia and the United States, were to 
fall one day to a few hundred weapons, France would  
respond accordingly, as it always has. But today, that  
scenario is still a long way off.”26 These statements, 
together with the pledge to continue to modernise French 
nuclear forces, appears to be in conflict with France’s  
obligations under the NPT to negotiate disarmament.

Public discourse
There is scant debate in France over the composition or 
cost of its nuclear forces.
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India
M.V. Ramana

Current status
India is estimated to have 90–110 nuclear warheads.27 
It is also developing a range of delivery vehicles, including 
land- and sea-based missiles, bombers, and submarines. 
There are no offi cial estimates of the size of India’s 
stockpile of fi ssile materials, though it is known that India 
produces both HEU for its nuclear submarines and 
plutonium for weapons. India is estimated to have a 
stockpile of 3.2 ± 1.1 tons of HEU as of the end of 2014.28 
With regard to plutonium, India is estimated to have a 
stockpile of 0.59 ± 0.20 tons of weapon-grade plutonium 
by the end of 2014.29 There has been speculation that India 
has used reactor-grade plutonium in its nuclear weapons, in 
which case, the nuclear arsenal could potentially be much 
larger: as of the end of 2014, between 2.0 to 4.4 tons 
of reactor-grade plutonium is estimated to have been 
separated from its power reactors.30 Its fast breeder 
reactor programme also provides another potential 
source of producing weapon-grade plutonium; however, 
construction of the fi rst Prototype Fast Breeder Reactor 
has experienced a series of delays and it is now expected 
to be commissioned only in late 2015 or early 2016, about 
six years after the initial projection.31 

Modernisation
The primary focus of modernisation has been on increasing 
the diversity, range, and sophistication of nuclear delivery 

vehicles. The latest of the missiles in this series is the 
three-stage, 5,000 kilometer range Agni V, which is fi red 
from what is described as a canister rather than a fi xed 
concrete launch pad.32 The signifi cance of this fi ring mode 
is explained by the former Director General of the Defense 
Research and Development Organization (DRDO), “In the 
second strike capability, the most important thing is how 
fast we can react. We are working on cannisterised 
systems that can launch from anywhere at any time.”33 
Agni V is scheduled for further tests and induction into the 
armed forces is projected for 2017.34  The DRDO has also 
been developing the Nirbhay cruise missile, which had its 
fi rst successful test in October 2014.35 The fi rst test of a 
3000 kilometer range submarine launched ballistic missile 
named K-4 was carried out in March 2014.36 India is in the 
process of deploying its fi rst nuclear submarine, Arihant, 
which began “sea acceptance trials” in December 2014, 
having earlier “passed its harbor acceptance trials.”37 
There is evidence from satellite images that the current 
uranium enrichment plant at Rattehalli capacity is being 
expanded.38 The nuclear establishment is in the process 
of building a new complex in the eastern city of 
Vishakhapatnam, which will host two research reactors, 
including one that “will be similar in design to the existing 
Dhruva research reactor” that is used to produce 
plutonium for weapons.39 

Economics
The expansion of India’s nuclear and missile arsenals are 
part of a larger military build-up and consistently-increasing 
military spending. However, there is no reliable public 
estimate on nuclear weapon spending in India. The 
Defense Budget for 2015 saw an eleven percent increase 

 10



in defense spending.40 In 2014, India achieved the dubious 
distinction of being the largest arms importer in the world.41 
Increasing defense expenditure and spreading the wealth 
around has been an interest of both the military (especially 
retired military leaders) and the corporate sector.42 Private 
corporations have benefi tted from the expected boost in 
defense manufacture under the Modi government. Many 
of the companies saw their stock prices go up signifi cantly 
when the Hindu Nationalist Bharatiya Janata Party won the 
elections in 2014.43 

International law and doctrine
Dating back to 2003, India’s offi cial nuclear doctrine is 
very brief and gives little detail on what it envisions for its 
nuclear arsenal.44 However, a draft report from the National 
Security Advisory Board released a few years earlier is far 
more detailed.45 It calls for India’s nuclear forces to 
be deployed on a triad of delivery vehicles of “aircraft, 
mobile land-based missiles and sea-based assets” that are 
structured for “punitive retaliation” so as to “infl ict damage 
unacceptable to the aggressor”. 

Since the 1974 nuclear test, the Indian government’s focus 
in arms control diplomacy has been to resist signing onto 
any international treaties that impose any obligations on 
its nuclear arsenal. This allows the government to maintain 
that it is a responsible member of the international 
community because it has not breached any agreement. 
It also interprets this as meaning there are no legal 
constraints on any modernisation activities that may affect 
the quantity or quality of its nuclear weapons. However, 
its activities may not be in complete concordance with 
international law; the 1996 advisory opinion of the 

International Court of Justice maintained that the obligation 
for disarmament is not restricted to signatories of the NPT. 

Public discourse
By and large, the discourse surrounding development, 
modernisation, and expansion of the nuclear arsenal in-
volves jubilation about India becoming a militarily powerful 
state. Media articles often obsess over how few countries 
possess one or the other of the many destructive capabil-
ities – nuclear submarines, anti-satellite weapons, subma-
rine launched ballistic missiles, and so on – and extol India 
for becoming just the third or sixth or whatever country to 
achieve the dubious status of acquiring these armaments. 
Like national security elites everywhere, Indian security 
policy makers have used secrecy as a weapon to quash 
independent questions, increasingly clamping down on the 
reporting of various details arbitrarily deemed secret. 
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Israel
Merav Datan 

Current status
Estimates about the size of the arsenal are based on the 
power capacity of the nuclear reactor near Dimona. Experts 
and analysts outside of Israel estimate that Israel’s  
current nuclear force ranges from 60-80 weapons at the 
low end to over 400 at the high end. The most recently 
cited figure is 80 warheads.46 It is assumed that Israel has a 
triad of delivery systems: land, air, and sea. It is estimated 
that, Israel could have produced approximately 840 kg of 
weapons-grade plutonium.47 Estimates of HEU production 
are even more difficult to make though public information 
suggests Israel has a uranium enrichment programme.48  
A recent estimate has assumed Israel possesses  
approximately 300 kg of HEU.49

Modernisation
In light of current and planned nuclear capabilities, it seems 
that the country is continuing to “enhance” its triad of  
delivery systems.50 Nuclear weapons modernisation is 
related to modernisation activities in the security sector 
generally, including in areas of information technology,  
advanced military technology, and outer space technology. 
In September 2014, Israel received the fourth of six  
German-made submarines.51 Theses submarines are  
reportedly nuclear capable.52

Economics
There is no reliable public estimate on nuclear weapon 
spending in Israel.

International law and doctrine
Israel has not signed or ratified the NPT and interprets this 
as meaning it is not bound by the article VI disarmament 
obligation. Israel has signed but not ratified the CTBT, citing 
concern with the as-yet incomplete development of the 
verification regime and potential abuse of this regime;  
Israel’s status in the policy making organs of the Treaty; 
and concerns with the regional security situation in  
the Middle East.53 It is party to a number of  
non-proliferation-related agreements, on the basis of 
which it projects itself domestically and internationally as a 
responsible non-proliferant. Its position of opacity means it 
has no public nuclear weapon doctrine.

Public discourse
The policy of opacity entails a nuclear weapons capability 
about which “everyone knows” (domestically and  
internationally) and an umbrella of secrecy covering the 
physical and doctrinal elements of this capability. The  
secrecy surrounding Israel’s nuclear programme has taken 
on a life of its own at the domestic level with Israelis  
practicing self-censorship on a wide range of nuclear 
issues. At the same time, a discourse does exist at the 
academic level and increasingly in the media, driven in 
large part by debate over Iran’s nuclear programme. This 
discourse relies primarily on foreign sources. Historically, 
public opinion polls have indicated support for the  
nuclear option though a new survey has indicated that 65% 
of Israelis would prefer a nuclear weapon free Middle East 
to the current situation.54

Photo: U.S. Air Force photo 
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Pakistan
Zia Mian

Current status
As of the end of 2014, Pakistan was believed to have 
on the order of 130 nuclear weapons, an almost ten-fold 
increase from the year 2000. The growth of the arsenal 
appears to have been steady for most of the past decade 
but it may begin to increase at a faster rate in coming years 
as additional plutonium becomes available from the  
production reactors that came online in 2013 and 2014  
and new missile systems move from development to  
deployment. Pakistan has a number of short-range,  
medium, and longer-range road-mobile ballistic missiles as 
well as ground-launched, air-launched and possibly  
sea-launched cruise missiles in various stages of  
development that are capable of delivering a nuclear  
warhead. It is estimated that Pakistan could have a  
stockpile of 3 tonnes of weapon-grade HEU and almost 
200 kilograms of plutonium by the end of 2014. It  
continues to block talks on a fissile material cut-off treaty  
at the United Nations Conference on Disarmament.

Modernisation
Pakistan is moving from an arsenal based wholly on  
HEU to greater reliance on lighter and more compact  
plutonium-based weapons, which is made possible by a 
rapid expansion in plutonium production capacity. As of the 
end of 2014, it has four plutonium-production reactors in 
operation and a third reprocessing plant being  
commissioned or possibly operating. Pakistan’s arsenal is 
moving from aircraft-delivered nuclear bombs to include 
nuclear-armed ballistic and cruise missiles and from  
liquid-fueled to solid-fueled medium-range missiles. In early 
2015, it tested its newest ballistic missile – with a maximum 
range of 2750 km. A long-term concern now driving  
Pakistan’s nuclear programme is the US policy of  
cultivating a stronger strategic relationship with India to 
counter the rise of China. This may tie the future of  
Pakistan and India’s nuclear weapons to the emerging  
contest between the United States and China.

Economics
There is almost no information about the funding of  
Pakistan’s nuclear weapons programme. It is clear that a 
significant fraction of Pakistan’s financial resources go to 
its nuclear weapons, but that this cost is not a large share 
of its overall military spending. Assuming that like overall 
military spending, nuclear weapons spending, has kept 
pace with increases in gross domestic product, Pakistan 
may spend an estimated US$4 billion a year on nuclear 
weapons. Despite extensive foreign military assistance, 
Pakistan’s effort to sustain its conventional and nuclear 

military programmes has come at increasingly great cost 
to the effort to meet basic human needs and improve living 
standards and the country continues to rely on extensive 
bilateral and international economic aid. 

International law and doctrine
Pakistan is not a signatory to the NPT nor has it signed the 
CTBT and it appears to recognize no legal obligation  
to restrain or end its nuclear weapons and missile  
programme. The government has, however, said it supports 
negotiation of a nuclear weapons convention. Pakistan has 
blocked negotiations of a fissile material cut-off treaty at 
the Conference on Disarmament, arguing that it would only 
further entrench asymmetries between the nuclear-armed 
weapon states. In 2014 Pakistan proposed the outline for 
an fissile material cut-off treaty that seemed intended to 
create a rough parity in fissile material stockpiles with India 
and is unlikely to be accepted by other states. Pakistan 
has indicated it would allow talks to start if were granted an 
exemption from the nuclear trade sanctions imposed by the 
Nuclear Suppliers Group as India has been.

Public discourse
The government has sought to create a positive public 
image of the nuclear weapons programme, often by linking 
it to national pride and identity. Pakistan’s major political 
parties support the nuclear weapons programme. The cen-
tral thrust of most public debate about Pakistan’s nuclear 
weapons is the struggle with India, with Pakistan’s nuclear 
weapons seen as a response to India’s. 
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Russian Federation
Pavel Podvig

Current status
Russia is estimated to have a total stockpile of 8000  
nuclear warheads, of which about 4300 are believed to 
be in active stockpile.55 In the New START data exchange 
Russia reported that in September 2014 it had 528  
operationally deployed launchers and 1643 nuclear  
warheads.56 The actual number of delivery systems and 
warheads in the strategic arsenal is somewhat higher, 
mostly because New START does not accurately  
account for warheads associated with strategic bombers.  
According to best estimates based on data exchange under 
New START and other expert assessments, Russia has, as 
of March 2015, 489 operational strategic launchers – 305 
ICBMs, 128 SLBMs, and 66 bombers. It has about 1900 
strategic warheads associated with these launchers –1166 
on ICBMs, 512 SLBM warheads, and about 200 nuclear 
weapons that could be delivered by bombers.57 Russia is 
estimated to have about 670±120 tons of HEU and 128±8 
tons of weapon-grade plutonium (plus 50 tons of  
reactor-grade plutonium).58 

Modernisation
President Putin announced in November 2013 that  
Russia should replace its Soviet-built arsenals with modern 
weapons to counter new evolving threats.59 Under this 
process, Russia will allocate about $700 billion to a broader 
military rearmament, which will include 400 new ICBMs and 
eight SSBNs.60 Russia’s modernisation plans indicate that 
it is determined to maintain parity with the United States 
in terms of number of warheads and delivery systems. 
Most of the currently operational ICBMs are being retired 
but new multiple-warheads missiles are being deployed to 
replace them. One new solid-propellant ICBM is undergo-
ing flight tests.61 The government also made a commitment 
to development of a new multiple-warhead liquid-fuel ICBM, 
which is supposed to be ready for deployment in 2018.62 
Russia is also upgrading its SSBN fleet with a planned 
construction of eight new submarines of Project 955 
Borey class, carrying 16 Bulava missiles.63 In 2013 the first 
two Borey submarines formally joined the Russian Navy 
(although none of the submarines has ballistic missiles on 
board).64 Russia is working on an overhaul of its current 
strategic bomber fleet and is also reported to have started 
preliminary work on a new-generation strategic bomber.65 

Economics
Modernisation of the nuclear arsenal is part of a broader 
rearmament programme that is expected to spend about 
US$700 billion on various military systems in 2011-2020. 
About 10% of these funds will be spent on strategic force 

modernisation.66 Financial constraints could affect the scale 
of these plans, though the rearmament effort appears to 
have strong support of the political leadership and public, 
so significant cuts to the modernization programme are 
unlikely. This situation may change if political environment 
in Russia would allow an open discussion of government 
spending priorities and the role of nuclear weapons in the 
national security policy, but so far this discussion has  
been very limited. In 2015 Russia was supposed to  
approve a new long-term rearmament programme. This  
programme, initially estimated to cost about 56 trillion  
rubles, was scaled down in 30 billion rubles. Then, as it was  
increasingly clear the budget may not support a programme 
of this size, its approval was postponed until 2018.67 

International law and doctrine
Official documents of the Russian government do not  
question Russia’s right to possess nuclear weapons, 
though they also recognize its responsibilities as an NPT 
nuclear weapon state including to pursue a world free of 
nuclear weapons as a means of achieving security for all. 
Official policy assumes the right of first use of nuclear 
weapons, though the policy has a limited range of  
scenarios under which this would be considered. Both  
Russia and the United States consider their bilateral  
arsenal reductions to contribute toward the goal of article 
VI of the NPT. Russia’s position on nuclear weapons is 
directly linked to a number of security concerns, such as 
US ballistic missile defence, US advantage in terms of 
conventional weapon systems, NATO expansion, and in the 
long run, China’s position in the region.68 The last Russian 
military doctrine published was released in February 2010. 
It indicates that Russia could respond to the use of any 
weapon of mass destruction with the use of nuclear  
weapons or even conventional weapons.69 In February 
2012 the Chief of the Russian General Staff, Nikolai 
Makarov, said that Russia would use nuclear weapons in 
response to any imminent threat to its national security.70

Public discourse
Public opinion in Russia tends to support the nuclear status 
of the country – according to a poll conducted in 2006, 76 
percent of all the respondents believed that Russia “needs 
nuclear weapons.”71 More than half of the population  
consider nuclear weapons to be the main guarantee of  
the security of the country and about 30 percent of  
respondents believe that nuclear weapons play an  
important, although not a decisive, role. To a large  
extent, the lack of critical assessment of the role of nuclear 
weapons is a result of the lack of an open and informed 
discussion of national security priorities and policies that 
would involve independent voices. While there are  
non-governmental research organisations that are involved  
in the discussion of defence policies, there are no  
independent public organizations that would have nuclear 
weapons related issues on the agenda.
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United Kingdom
John Ainslie

Current status
In January 2015 the UK had 120 operationally available  
nuclear warheads. This is part of a larger stockpile of 
between 180 and 225 warheads. There are four Vanguard 
class submarines, three of which are normally armed. Each 
armed submarine carries eight Trident D5 missiles and a 
total of 40 nuclear warheads. It is estimated that the UK 
has 3.2 tons of separated plutonium in its military stockpile. 
In 2002 the UK had 21.6 tons of highly enriched uranium.

Modernisation
The Trident warhead is being upgraded to a new Mk4A 
specification. The Mk4A version will be in service until the 
2040s. The modernised warhead will have a new fuzing 
system, which will enhance its capability and make it more 
effective against hardened targets. In 2019 the UK is due 
to make a decision on the production of a new warhead 
which would replace the Mk4A. The Atomic Weapons 
Establishment is conducting research into new  
components for a future warhead. The US will supply the 
UK with upgraded Trident D5LE missiles and with  
modernised fire control and navigation systems. These 
changes will improve the performance of Trident. In 2016 
the UK will make the Main Gate decision on the  
construction of three or four new ballistic-missile  
submarines, which are scheduled to enter service in 2028. 
The new vessels will each have 12 missile tubes. This 
leaves open the possibility that the number of missiles 
carried could be increased. The submarines will have a new 
PWR3 reactor, which is being developed with US support. 
Almost all of the UK’s facilities for developing and building 
nuclear warheads are being rebuilt or refurbished. There is 
close collaboration with US modernisation programmes. 
Future hydrodynamic research will be conducted at a new 
facility in France.

Economics
The through-life cost of the Trident replacement programme 
is in the region of £100 billion. Submarine and related 
construction costs are £25 billion. Running costs would be 
£59 billion. In addition a large part of the £21 billion Nuclear 
Warhead Capability Sustainment Programme should be 
assigned to Trident replacement. The UK defence budget 
is facing cuts, possibly as high as 41%. Other defence 
expenditure may be substantially reduced in order to fund 
Trident replacement.

International law and doctrine
Mohammed Bedjaoui, former President of the International 
Court of Justice has said that a nuclear attack by a  
system like the UK’s Trident force would be illegal in all 
circumstances. The UK’s extensive modernisation  
programmes are an indication of the country’s intention to 
retain nuclear weapons indefinitely, contrary to legal  
obligations. The close collaborations with the US and 
French programmes are contrary to the spirit of the NPT.  

Public discourse
The Labour and Conservative parties both support  
replacing the current Trident submarines with a similar 
system. The Liberal Democrats have a similar approach, 
except they argue that there is no longer a requirement to 
keep one submarine on patrol at all times. The Scottish 
National Party is opposed to Trident and to its replacement. 
Moving the UK’s nuclear force from Scotland would be 
very difficult. Opposition to nuclear weapons in Scotland 
continues to have a significant impact on UK politics even 
though Scotland did not vote for independence in 2014. 
While some information is in the public domain there are 
major gaps in the UK’s transparency. The Mk4A warhead 
modernisation programme has been largely concealed from 
the public and parliament. The upgrade of nuclear warhead 
facilities has been presented as if it was unrelated to the 
replacement of Trident.
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United States
Greg Mello 
and Trish Williams-Mello

Current status
As of 1 April 2015 the United States deployed 1,597 
strategic warheads on 785 strategic delivery vehicles on 
or in 898 deployed and non-deployed launchers.72 In all 
the United States possesses at least 7,100 warheads 
including deployed strategic warheads, non-strategic 
warheads, operational warheads not deployed, and 
including a minimum of 2,340 intact but “retired” 
warheads. An unknown number of retired warheads 
are in “managed retirement” or “war reserve” status.73 

The US strategic “triad” consists of: 447 Minuteman III 
intercontinental ballistic missiles (ICBMs) carrying 447 
warheads with the capacity for additional warheads to be 
uploaded; 14 Ohio-class submarines each with 24 launch 
tubes for Trident D5 submarine-launched ballistic missiles 
(SLBMs) carrying about 1,152 warheads with an upload 
capacity of more than that many warheads again; and 
96 nuclear capable strategic bombers, 20 B2As and 76 
B-52Hs. Of these heavy bombers, 60 (44 B-52Hs and 16 
B-2As) have been assigned nuclear roles.74 Each heavy 
bomber is counted as one warhead under New START, 
although up to 20 warheads on cruise missiles can be 
deployed on a single B-52H and up to 16 nuclear 
gravity bombs can be carried on each B-2.75 The active 
US stockpile also includes about 500 non-strategic 
weapons, with about 180 deployed at NATO air bases 
in Europe for delivery by US F-15Es, F-16s, and host 
country F-16s and Tornado aircraft.76 

The US has produced or acquired approximately 850 metric 
tons (MT) of highly-enriched uranium (HEU) and 112 MT
of weapon-grade plutonium, of which 609 MT and 95 MT 

remain, respectively (current HEU stock is exclusive of 
HEU in spent naval reactor fuel).77 

Modernisation
The US government is offi cially committed to modernising 
its nuclear bombs and warheads; the submarines, missiles, 
and aircraft that carry them; and the laboratories and plants 
that design, maintain, and manufacture nuclear weapons. 
US policy and budget documents all manifest an intent to 
keep some thousands of nuclear weapons in service for 
the foreseeable future, together with the capability to 
bring stored weapons back into service and to design and 
manufacture new weapons should they be desired. 

However, there is a great difference between 
modernisation aspirations on the one hand and practical 
accomplishment on the other. Over the past two years, 
virtually all the warhead and infrastructure modernisation 
projects in the Department of Energy (DOE) have 
experienced serious cost overruns and schedule delays 
that have eroded congressional and military support and 
caused the DOE to downscale or indefi nitely defer several 
projects in question.  

Economics
Nuclear weapon costs occur in both the DOE and DoD 
budgets. The DOE budget request for fi scal year 2016 
includes $8.847 billion for nuclear weapons activities, 
not including $283 million in related administrative costs. 
This is a proposed 10% increase from 2015, an annual 
growth rate exceeded only twice in US history (1962 
and 1982).78 It is higher in constant dollars than the last 
peak in nuclear warhead spending for development, 
testing, and production under President Reagan in 1985.79 
Current budget projections entail continuous cost 
increases through 2040.80

 16



Over the past years there have been many reports and 
studies on the cost of the US nuclear programme and 
possible options for savings.81 In December 2013 the 
Congressional Budget Offi ce (CBO) published an 
authoritative report assessing the projected costs of the 
US nuclear forces for the 2014-2023 timeframe, utilising 
long-term cost databases maintained by CBO and with full 
access to Department of Defense data.82 This study was 
updated in January 2015.83 According to CBO, maintaining 
and modernising the current US stockpile will cost $348 
billion over the 2015–2024 decade, including about $79 
billion for modernisation sensu stricta, exclusive of any 
abnormal cost overruns (which are in fact normal at DOE). 
Since most modernisation efforts are still in the initial 
phase, annual costs are expected to generally increase 
over the decade and continue to increase afterward.84 

International law and doctrine
More than four decades after the United States signed 
and ratifi ed the NPT, it retains a nuclear arsenal large 
enough to end civilization in short order. None of its recent 
bilateral reduction agreements with Russia fundamentally 
change the character of nuclear weapon deployments. 
The US has signed but not ratifi ed the CTBT; ratifi cation 
was rejected by the US Senate in 1999 even after a 
bargain was made to modernize its nuclear weapons 
infrastructure in exchange for ratifi cation. The Obama 
administration has stated that CTBT ratifi cation “remains a 
top priority for the United States.”85 If the past is any 
guide, an attempt to obtain consent for ratifi cation from 
the Senate is likely to be accompanied by new 
programmatic and funding commitments to the nuclear 
weapons establishment. 

The US 2010 Nuclear Posture Review (NPR) states that 
the US will keep relying on its nuclear weapons as an 
important part of its national security and will also do this 

for the foreseeable future.86 On 19 June 2013 President 
Obama announced in Berlin that his administration would, 
together with its NATO allies, seek “bold reductions in 
US and Russian tactical nuclear weapons in Europe.”87 
On the same day, however, the US administration 
published a report on President Obama’s new guidance on 
the employment of nuclear weapons.88 Among other things, 
the report reaffi rmed that “as long as nuclear weapons 
exist,” the United States will maintain a “safe, secure and 
effective arsenal for its protection and that of its allies.”89 
At the third conference on the humanitarian impact of 
nuclear weapons, hosted by Austria in December 2014, 
the US representative stated that his government “does 
not support efforts to move to a nuclear weapons 
convention, a ban, or a fi xed timetable for elimination of 
all nuclear weapons.”90 

Public discourse
In the broader populace, there is little debate about US 
nuclear weapons policies or spending. The absence 
of a disarmament movement has made progress on an 
ambitious abolition agenda unlikely. What public discussion 
there is about US nuclear weapons policy is dominated 
by specialists and is skewed towards drumming up fear of 
nuclear weapons coming into the possession of 
non-nuclear weapon states or non-state actors rather than 
pointing to the very real dangers posed by nuclear weapons 
held as central elements of national security policies in the 
hands of the world’s most powerful states. In the United 
States, disarmament remains an abstract aspiration; the 
pursuit of global military dominance backed by constantly 
modernised nuclear weapons remains the concrete reality.
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China
Hui Zhang 

Since its first nuclear explosion in 1964, China has  
maintained what it describes as a “minimum deterrent” and 
a no-first use (NFU) pledge.1  As its 2010 White Paper on 
Defense states, China upholds capacity for “counterattack 
in self-defense and limited development of nuclear weap-
ons,” and aims to build “a lean and effective nuclear force 
capable of meeting national security needs.” The White 
Paper asserts that China “has always exercised the utmost 
restraint in the development of nuclear weapons, and has 
never participated in any form of nuclear arms race, nor will 
it ever do so. It will limit its nuclear capabilities to the  
minimum level required for national security.”2

Unlike previous White Papers on Defense, China’s 2012 
edition did not reiterate China’s long-standing NFU policy, 
which sparked a debate over whether China was changing 
its nuclear doctrine.3 However, in April 2013 Colonel Yang 
Yujun, a spokesman for China’s Ministry of Defense, said 
that the policy had not changed, explaining that while all 
former White Papers were comprehensive and detailed 
China’s nuclear policy in sections on “national defense  
policy” and “arms control,” the 2012 edition adopted a “ 
thematic” model and focused specifically on the 
employment of China’s armed forces, without addressing 
nuclear policy in detail.4

The NFU policy has been consistently embraced by top 
Chinese leaders from Mao Zedong onwards. For this 
reason, China currently maintains a smaller and simpler 
nuclear arsenal with a lower alert status than what is 
thought to be required for a first-use option. The Second 
Artillery Corps, the military unit in control of China’s  
strategic missile forces, conducts war planning and training 
under the assumption that China will use its nuclear forces 
only to retaliate.5

In the Chinese calculus, the “minimum acceptable” nuclear 
force is one that is able to survive a first nuclear strike  
and overcome a “missile defence” system to reach its  
designated targets. The number of the “minimum” nuclear 
warheads would be relatively constant. However, the total 
number of warheads required to support an “effective” 
nuclear force is changeable, depending on a number of 
factors, including estimates about the survivability of  
Chinese missiles. 

China’s officials have never declared the specific number of 
weapons needed for its “minimum nuclear force”. Mao 
Zedong stated, “In any case, we won’t build more atomic 
bombs and missiles than others.” He also said that “a few 
atomic bombs are enough (for China). Six are enough.”6 
While six warheads is likely not be the specific number in 
the mind of Chinese leaders, a “minimum nuclear force” 
with approximately ten warheads capable of reaching a 
target country may be considered enough to inflict what 

would be considered “unacceptable damages” to “deter” 
a nuclear first-strike.7

Many Chinese officials and nuclear weapons experts have 
emphasised that China’s nuclear modernisation will be 
conducted under the guidelines of a nuclear policy that 
stresses the principles of counterattack in self-defence  
and the avoidance of an arms race. Under China’s NFU  
doctrine and the goal of maintaining a “lean and effective” 
nuclear force, China initiated a nuclear modernisation  
program in the 1980s aimed at increasing the “survivability, 
reliability, and safety” ability of its nuclear arsenal. 

In 1978, Deng Xiaoping provided the guidance for  
the future development of China’s nuclear force. He 
emphasized that China’s strategic weapons “should be 
updated (gengxin) and the guideline [for their development] 
is few but effective (shao er jing). Few means numbers and 
effectiveness should increase with each generation.”8 

China’s nuclear modernisation has focused on the quality 
rather than the quantity of its nuclear arsenal during  
the past three decades. Specifically, China’s nuclear 
modernisation has sought to increase the survivability of 
its nuclear force by replacing older, liquid-fueled missiles 
with solid-fueled, mobile ballistic missiles and by 
constructing deep underground tunnels that can act as  
missile bases.9 Since the Taiwan Strait crisis of 1996, the 
Second Artillery Corps has modernised and significantly 
increased the size of its arsenal of conventionally armed 
missiles (in particular, the medium-range, mobile DF-21C 
and DF-21D missiles). There has been, however, no  
obvious corresponding increase in nuclear warheads. 

Recently, Western governments and media outlets have 
expressed growing concerns about Chinese nuclear  
buildup, in particular, Beijing pursuing nuclear parity with 
the United States and Russia after the New Strategic Arms 
Reduction Treaty was signed in 2010. Such voices were 
amplified when Georgetown University professor Phillip 
Karber released a study indicating the 3,000-mile-long 
network of underground tunnels – sometimes called  
China’s “underground great wall” – could host as many as 
3,000 nuclear weapons.10 However, any expansion of the 
Chinese nuclear arsenal would still be constrained by its 
inventory of fissile materials, which at present would not 
support an arsenal of more than 1,000 warheads.11

China will likely continue to modernise its nuclear force  
in order to maintain a “reliable” second-strike retaliatory  
capability. China’s nuclear modernisation has been mainly 
in response to the advance of military capabilities of other 
countries, particularly the United States. US missile 
“defence” plans will be a major driver for China’s nuclear 
weapon modernisation.12 However, China’s nuclear 
modernisation program will likely continue to be guided 
by its nuclear policy and thus the nuclear force will likely be 
kept at the minimum level Beijing feels is required to  
“deter” a nuclear attack. 
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Status of China’s nuclear forces
Based on China’s minimum deterrence policy and Western 
government and non-government estimates, this author 
estimates China has a total inventory of approximately 190 
nuclear warheads. This includes approximately 120 
operationally deployed nuclear missiles (mainly landbased 
nuclear ballistic missiles, of which approximately 35-40 can 
reach the continental United States), and approximately 70 
warheads stored for its submarine-launched ballistic  
missiles (SLBMs), bombers and retired warheads (see  
table 1). Each of those nuclear ballistic missiles carries  

a single warhead, which are normally separated from the 
missiles. This estimate is significantly lower than other  
appraisals. The Federation of American Scientists  
estimates that China has a total stockpile of 250 nuclear 
weapons by mid-2014,13 which is 10 warheads more than its 
estimates in 2011.14 It should be noted that when I  
presented my earlier estimates in 2012 in China, Chinese 
nuclear weapons experts responded that my number could 
be still higher than the real case.15 China could have the 
smallest arsenal of nuclear weapons among the five original  
nuclear-armed states.

China’s Nuclear Force, 2014

TYPE NATO
DESIGNATION

YEAR
DEPLOYED

RANGE
(KILOMETERS)

YIELD
(KILOTONS)

NUMBER OF
WARHEADS

LAND-BASED BALLISTIC MISSILES

DF-5A CSS-4 1990S 13,000+ 4,000-5,000 <20

DF-31A CSS-10 Mod 2 2007 11,200+ 200-300 15-20

DF-4 CSS-3  1980 5,400+ 3,300 10

DF-31 CSS-10 Mod 1 2006 7,200+ 200-300? 10

DF-3 A CSS-2 1971 3,00+ 3,300 5

DF-21 CSS-5  
Mods  1/2

1991 1,750+ 200-300 60

SUBTOTAL: 120

SUBMARINE-LAUNCHED BALLISTIC MISSILES

JL-2 CSS-NX-4 ? 7.400 200-300? 36

BOMBERS

H-6 B-6 1965 3,100                       - 20

SUBTOTAL: ~176a

Given that China has no reliable operational air-based or 
sea-based nuclear force, China’s nuclear modernisation 
has focused on increasing the survivability of its  
land-based strategic missiles. Before 2011, the US  
Defense Department had consistently reported that China 
has 20 DF-5A missiles-liquid-fueled, two-stage, silo-based  
intercontinental ballistic missiles (ICBMs).16 The 2013 Air 
Force report estimates China has about 20 DF-5As 17  
Given that one focus of China’s modernisation programme 
is to replace these older, liquid-fueled ICBMs with the new,  
solid-fueled, road-mobile DF-31As, it can be expected that, 
as the DF-31A continues to be deployed in the coming 
years, some DF-5As will be replaced. But China’s 
underground great wall project – initiated in 1985 and 

aimed at increasing the survivability of land-based missiles 
by shielding them in deep tunnels – could motivate China 
not to replace all the DF-5As quickly. Thus, I estimate that 
China could have less than 20 DF-5As. 

According to the 2013 Air Force report, China deploys 
more than 15 DF-31As. FAS estimated that China had  
deployed around 20 DF-31as of 2013. Here I assume China 
has approximately 15–20 DF-31As. Thus, China could have 
approximately a total of 35–40 long-range ICBMs that 
could reach the continental United States. As more  
DF-31As are deployed, more DF-5As would be phased out. 
The total number of missiles, however, should not  
change significantly without a significant expansion and  
development of US missile “defence” programmes.  

Note:a Estimates of more than 10 additional warheads include those for retired JL-1, 
for a total inventory of approximately 190 warheads. 

Delivery systems 
 
Quantitative
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China also has shorter-range missiles intended for regional 
“deterrence,” including the DF-4, a liquid-fueled, two-stage 
ICBM. It is being replaced by the new, solid-fueled, 
road-mobile DF-31. I assume that China has approximately 
ten DF-4s and ten DF-31s, as I did in 2012. The main target 
of the DF-4 during the Cold War was Moscow. Given  
that China and Russia have improved their relations 
significantly, China has no strategic reason to greatly  
increase the number of missiles it fields in this category.  
It can be expected that as more DF-31s are deployed, 
more DF-4s would be replaced. The total number of two 
kinds of missiles (i.e. a total around 20 warheads),  
however, should not change significantly. It should be noted 
that the 2013 Air Force report and 2013 FAS estimates 
have a similar total number for both missiles.  

Moreover, China is phasing out its oldest and near-retired 
DF-3As. The liquid-fueled, single-stage, medium-range  
DF-3A is being replaced by the DF-21. The 2011 DoD  
report estimated China has 5–20 DF-3As.18 Most of the 
DF-3As could be replaced by the DF-21s. The DF-21 family 
is the most important MRBM system of the Second  
Artillery for regional nuclear deterrence. This family  
includes the DF-21 (CSS-5 Mod 1), DF-21A (CSS-5 Mod2), 
DF-21C, and DF-21 D. However, only the DF-21 and  
DF-21A are for nuclear missions. China began seriously 
deployment of the DF-21 in 1991. After its deployment for 
two decades, the DF-21 could replace most of those  
DF-3As. The 2011 DoD report estimated China had  
75-100 missiles of the whole DF-21 family, including  
conventional-mission missiles as well. The 2013 Air Force 
Report estimates China has less than 100 DF-21s and DF 
21As. The 2013 FAS estimate is around 80 DF-21s that are 
nuclear capable, an increase of 20 warheads from the  
2011 FAS estimates. 

There is no evidence to show that China has a rationale to 
significantly increase its DF-21s with nuclear missions 
during such a short period. Given the increasing tensions 
with its neighbors over the East China Sea and South 
China Sea issues since 2012, China could increase its 
DF-21 missiles aimed at “deterring” potential military  
conflicts. Most likely, the new increase in the DF-21 family 
is contributed to its conventional missions. The Second 
Artillery has emphasized its dual missions (nuclear and 
conventional) since the early 2000s. A Project 2049 
Institute study indicates that although China has deployed 
significant numbers of missiles in the DF-21 family, many of 
them carry conventional armaments.19 A conservative  
estimate would give China no more than 60 DF-21s that 
are nuclear capable by 2014. 

In addition, a 2014 US DoD report states that China may 
be developing a new road-mobile ICBM known as the 
Dong Feng-41 (DF-41), possibly capable of carrying 
multiple independently targetable re-entry vehicles 
(MIRVs).20 In August 2014 it was reported that China 
Shaanxi Provincial Environmental Monitoring Center  
website made a news report about a military facility in the 
province developing DF-41 ICBMs. The report was taken 

down shortly after getting public attention.21 Also, China is 
reportedly working a hypersonic glide vehicle (HGV) able 
to carry nuclear warheads at a speed above Mach10 
through US missile “defences”.22 These developments 
could be indicative of Chinese reactions to US missile 
“defence” developments. 

Submarine-launched ballistic missiles
The People’s Liberation Army Navy started to operate its 
sole Xia-class SSBN (Type-092) in early 1980.23 It is 
equipped with 12 JL-1 SLBMs. Each JL-1 missile has a 
single warhead and a rage of 1700 km. However, it is  
reported that the Xia-class has never conducted a  
deterrent patrol. According to the 2014 DoD report, this 
old, first generation Xia was replaced with the second  
generation Jin-class SSBN (Type-094). The 2014 DoD  
report states that three JIN-class SSBNs are currently 
operational, and up to five may enter service before China 
proceeds to its next generation SSBN (Type 096) over the 
next decade. The Jin-class SSBN can carry 12 JL-2 
SLMBs with a much longer range (7400km, a modification 
model of DF-31) than that of JL-1. As the DoD report 
emphasizes, the JIN-class and the JL-2 will give the PLA 
Navy its first “credible” sea-based nuclear weapon. 
Recently, it is reported China conducted another flight test 
of its new JL-2 submarine-launched ballistic missile in 
January 2015.  China is likely to conduct its first patrols 
with the JIN-class SSBN in 2015.24 It can be expected that, 
after its three-decade modernisation programme, with a 
focus on increasing the survivability of its land-based 
missiles, China will speed up the modernisation of its  
sea-based strategic force to secure a second-strike force 
in the coming years. Indeed, China’s 2011 Defense White 
Paper states that “the PLA Navy endeavors to accelerate 
the modernisation of its integrated combat forces,  
enhances its capabilities in strategic deterrence and  
counterattack, and develops its capabilities in conducting 
operations in distant waters and in countering  
non-traditional security threats.”25

Bombers
China’s air-based nuclear force is the weakest leg of its 
nuclear triad. China’s aged strategic bomber force consists 
of about 20 Hong-6 bombers, each of which has a combat 
radius of approximately 3,000 kilometers and carries one 
bomb. However, China’s small arsenal of strategic 
bombers mainly has symbolic meaning.

China could have no rationale to have a larger air-based 
nuclear force. Given their relatively short operating range 
and poor ability to overcome missile “defences,” those 
bombers would be very difficult to fly into an enemy’s 
territory to destroy “strategic countervalue targets,” e.g. 
cities. Moreover, during the Cold War, the major target of 
those bombers was the Soviet Union/Russia. However, 
the relationship between China and Russia has recently 
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improved significantly. Thus, there is no rationale to expend 
its air-based force due to geopolitical considerations.

Tactical nuclear weapons 
There have been rumours for many years that China has 
tactical nuclear weapons. In 1988, China tested a one- to 
five-kiloton nuclear device with an enhanced radiation yield, 
or a “neutron bomb.”26 However, the deployment of tactical 
nuclear weapons is not consistent with China’s no-first-use 
policy. Chinese nuclear experts have argued that the 
neutron bomb test was aimed at understanding its effects 
for “defensive” purposes. In practice, while it would not be 
difficult for China to field tactical weapons, it currently  
does not.

Fissile materials 
It is believed that China stopped production of highly 
enriched uranium (HEU) in 1987 and of plutonium by about 
1990. All its previous military production facilities have 
been closed, converted, or are being decommissioned.27

China has produced HEU for weapons in two complexes: 
the Lanzhou gaseous diffusion plant (GDP) (Plant 504) and 
the Heping GDP (Plant 814). The Lanzhou GDP began 
operations in 1964 and ended HEU production in 1979. The 
Lanzhou GDP produced an estimated 1.1 million separative 
work units (SWU). The Heping GDP, a “Third Line” facility 
that began operating in 1970 and stopped production of 
HEU in 1987, produced an estimated 3 million SWU. 
Together, the Lanzhou and Heping gaseous diffusion plants 
therefore produced roughly 4.1 million SWU, enough to 
make about 21 tons of weapon-grade HEU. Taking into 
account HEU and separative work consumed by research 
and naval reactors, tritium production reactors, used in 
nuclear tests, and lost in waste, the total amount of  
weapon-grade HEU in China’s stockpile is estimated to be 
18±4 tons.28

China has produced plutonium for weapons at two nuclear 
complexes. The first is the Jiuquan Atomic Energy 
Complex in  Gansu province (Plant 404). This site includes 
China’s first plutonium reactor and the associated 
reprocessing facilities. The Jiuquan reactor began 
operation in 1966 and stopped plutonium production in 
1984. The second is the Guangyuan plutonium production 
complex, located at Guangyuan in Sichuan province (Plant 
821), a “third line” plant backing up the Jiuquan complex 
that also included a plutonium reactor and reprocessing 
facility. The reactor began operation in 1973 and stopped 
plutonium production in 1989.

China’s two plutonium production reactors produced an 
estimated 2±0.5 tons of weapon-grade plutonium. After 
considering plutonium consumed in nuclear tests, the total 
amount of weapon-grade plutonium in China’s current  
inventory would be 1.8±0.5 tons available for weapons. 
Hence, China could have the smallest military stockpile of 

HEU and plutonium available for weapons among the five 
NPT nuclear-armed states.

Economics 
It is difficult to estimate the cost of China’s nuclear weapon 
force. Chinese experts of nuclear weapons believe China 
invests at a very low level for its nuclear weapon pro-
grammes.29

China’s officially announced military budget of 808 billion 
yuan (about 132 billion USD) for 2014 is an increase of 
12.2 percent over the 720 billion yuan authorized in 2013. 
Chinese military officials stated that the new increased 
defense spending was mainly used to update weapons and 
equipment, to improve the living and training conditions of 
officers and soldiers, and to reform the military system.30 
Responding to some countries’ concerns, Chinese officials 
explained that China’s military budget accounts for 1.4 
percent of its GDP, which is smaller than the world average 
level of 3 percent, and only about one fourth of US  
military budget.31

Beijing insists that it coordinates its military modernisation 
with national economic development. As stated in its 
2010 White Paper, “China adheres to the principle of 
coordinated development of national defense and 
economy. In line with the demands of national defense and 
economic development, China decides on the size of  
defense expenditure in an appropriate way, and manages 
and uses its defense funds in accordance with the law.”32

However, some foreign analysts suspect that the Chinese 
official data does not represent the real Chinese  
military-related spending. The Stockholm International 
Peace Research Institute estimated that total Chinese 
military spending is about 55 per cent higher than the total 
central and local military budget.33

It is even much more difficult to estimate the spending on 
nuclear forces without knowing the specific portion of the 
overall military budget dedicated to nuclear weapons. 
Assuming that China consistently maintains five percent of 
its overall military expenditure for its nuclear weapons 
programme, as suggested by an Indian analyst,34 China 
would thus have spent between $6.6 and $13 billion on its 
nuclear programme in 2014. A report by Global Zero 
estimated that China’s core nuclear cost to be $6.4 billion 
in 2011, and its full cost to be $7.6 billion.35

International law and doctrine
China signed the Comprehensive nuclear Test Ban Treaty 
(CTBT) in 1996 but has not yet ratified it, partly because it 
was rejected by the US Senate in 1999. Some Chinese 
nuclear experts argue that the US should take a lead to 
ratify the treaty. They suggest that if US does not ratify the 
treaty, this may send a signal to Chinese officials and  
experts that if even the US – with over one thousand  
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nuclear tests – still lacks confidence on having a safe and 
reliable arsenal, the Chinese arsenal, with only about 40 
tests, might require more testing.36

In practice, the CTBT will constrain China’s nuclear  
modernisation the most among the NPT nuclear-armed 
states. China conducted only 45 tests before its  
moratorium commitment in 1996. This leaves China with a 
very limited number of tested warhead designs certified for 
deployment. The lack of test data would limit China’s ability 
to further develop new and smaller warheads.  Most likely, 
Beijing’s ratification of the CTBT will follow Washington’s 
ratification of the Treaty. 

China’s position on a fissile material cut-off treaty (FMCT) 
is that the treaty would be “conducive to preventing 
nuclear weapons proliferation and promoting nuclear 
disarmament.” China advocates for “the Conference on 
Disarmament (CD) in Geneva to negotiate and conclude 
at an early date a multilateral, non-discriminatory and  
internationally and effectively verifiable FMCT, based on  
a comprehensive and balanced program of work 
acceptable to all.”37

Although Beijing supports FMCT negotiations, the  
reference to ‘‘a comprehensive and balanced program of 
work acceptable to all” could mean a consideration of 
space weapons issues. Indeed, due to its concerns about 
US missile “defence” and potential space weapon  
technology, China strongly indicated its preference to  
simultaneously address both the FMCT and a treaty on the 
prevention of an arms race in outer space (PAROS) during 
the early 2000s. In recent years, China’s position has not 

demanded simultaneous negotiations, though it continues 
to promote a draft treaty on preventing space  
weaponisation along with Russia. If Beijing remains  
concerned about US missile “defences” and space  
weapons programmes, it might decide to build more 
ICBMs for maintaining its “deterrence” posture, which 
might require more plutonium and HEU to fuel those  
weapons. A calculation of this measure would undermine 
possible Chinese support for FMCT negotiations.  
 
China’s official policy has long called for “the  
complete prohibition and thorough destruction of  
nuclear weapons,” which it reiterated in its 2010 White Pa-
per on Defense. Furthermore, the White Paper  
stated that to “attain the ultimate goal of complete and 
thorough nuclear disarmament, the international community 
should develop, at an appropriate time, a viable, 
long-term plan with different phases, including the  
conclusion of a convention on the complete prohibition of 
nuclear weapons.”   
 
Beijing maintains that “countries possessing the largest 
nuclear arsenals bear special and primary responsibility for 
nuclear disarmament” and thus they “should further  
drastically reduce their nuclear arsenals in a verifiable,  
irreversible, and legally-binding manner, so as to create the 
necessary conditions for the complete elimination of  
nuclear weapons.”38 However, Beijing does not state when  
China itself would participate in the process of nuclear re-
ductions or elimination. Many Chinese analysts believe 
Beijing may wish to wait until the United States and Russia 
reduce their stockpiles to no more than about 1,000 total 
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warheads each. Then, China may need to reveal the size  
of its nuclear force as a way to create the necessary  
confidence for the United States and Russia to continue  
their reductions. 

While an arsenal of 1,000 total warheads would still be a 
substantial amount of weapons, many Chinese experts  
and analysts suspect the United States and Russia would  
never intend to reach even that level. In practice, they  
believe that to move toward deeper reductions, both  
countries should devalue the role of nuclear weapons in 
their national security strategies and foreign policies.  
Instead, both are modernising their nuclear arsenals.  
Further, in the wake of Ukraine crisis, Chinese experts 
worry that the deteriorating US-Russian relations will  
harm their cooperation on possible further nuclear  
weapon reductions.

Some Chinese officials and analysts are skeptical of the 
true intentions behind President Barack Obama’s vision  
of a nuclear weapon free world, which he articulated in  
an April 2009 address in Prague. They argue this  
rhetoric aims to constrain China’s nuclear modernisation 
process.39 For instance, to respond to US missile  
“defence” deployments, China’s officials may want to build 
more warheads to maintain what they determine to be an 
“effective deterrent” capability. Such an expansion could 
run into pressure generated by the downsizing trend of 
Russian and US arsenals. As Moscow and Washington 
move toward deeper cuts, both capitals could also push 
Beijing to be more transparent about its arsenal. Given the  
asymmetric nature of the US/Russian and Chinese nuclear 
arsenals, Beijing believes the transparency of its own  

nuclear strategy and nuclear doctrine is more important 
than that of its force posture. Further, China contends the 
opacity of its force posture can serve to enhance the  
“deterrence effect” of its smaller nuclear force, which is 
helpful for maintaining “strategic stability”. 

However, a certain level of nuclear transparency measures, 
including nuclear strategic intentions and nuclear  
capabilities, are seen as necessary to maintain nuclear 
“strategic stability” among nuclear-armed states. In order 
to defuse theories about the “threat of China,” China 
should release more information about its nuclear weapon 
programme. The CCTV report of the existence of the  
“underground great wall” has shown the world that China 
has a real and reliable retaliatory counterattack capability. 
As Beijing develops a more “survivable” nuclear force,  
the government should become more open about its  
nuclear programmes. 
 
 
 
Public discourse 
There is scant public debate about nuclear weapons in  
China. After US President Obama outlined his “vision”  
of a nuclear weapon free world, an online survey  
conducted by the People’s Daily newspaper indicated  
that 51% of respondents wanted nuclear disarmament 
while 49% did not.40
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France
Hans M. Kristensen 

France spends about a third of its defence budget on  
nuclear forces. Like all of the other nuclear-armed states, 
France is in the middle of a broad modernisation of its  
nuclear forces involving submarines, aircraft, missiles,  
warheads, and production facilities. And studies of 
next-generation weapon systems have begun.

Having reducing its air-delivered nuclear forces by  
one-third in 2008, France does not appear to have plans  
to reduce its nuclear forces for the foreseeable future.  
The Hollande government has rejected further cuts and  
reaffirmed the existing nuclear posture. The absence of 
plans or negotiations for further reductions are, especially  
when considered in context with its substantial nuclear 
modernisation, in conflict with France’s obligations under 
the nuclear Non-Proliferation Treaty to pursue additional 
reductions of nuclear weapons.

Status of French nuclear forces
As of early 2015, France possessed a stockpile of an  
estimated 300 nuclear warheads. Nearly all of these  
warheads are deployed or operationally available for 
deployment on short notice. A small number of additional 
warheads are in maintenance or awaiting dismantlement.

The current forces level is the result of recent adjustments 
made to the posture following former President Nicolas 
Sarkozy’s announcement on 21 March 2008, that the  
“arsenal” would be reduced to “fewer than 300 warheads”  
by cutting one of three nuclear bomber squadrons.1  
This posture was reaffirmed by President François  
Hollande on 25 February 2015, when he declared that 
France has a stockpile of 300 warheads for “three sets 
of 16 submarine-based missiles and 54 ASMPA delivery 
systems.”2

The 300-warhead stockpile is, Sarkozy declared in 2008, 
“half of the maximum number of warheads we had during 
the Cold War.”3 The peak occurred in 1991-1992 at end of 
the Cold War, and the size of today’s stockpile is about the 
same as in 1984 (see Figure 1), although the composition 
is significantly different.

The roughly 300 nuclear warheads in the current French nuclear weapons stockpile correspond to about half of the peak 
stockpile size at the end of the Cold War, and about equal to the stockpile size in 1984.
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Delivery systems
France’s nuclear posture is based on two types of delivery vehicles: aircraft and ballistic missiles (see Table 1). The aircraft 
exist in two forms: land- and sea-based fighter-bomber jets.

Land-based aircraft
The land-based aircraft are organized under the Strate-
gic Air Forces (Forces Aériennes Stratégiques, or FAS), 
which operates two nuclear-capable fighter-bombers in two 
squadrons: the Mirage 2000N K3 with the 2/4 “La Fay-
ette” squadron at Istres Air Base in southern France, and 
the Rafale F3 with the 1/91 “Gascogne” squadron at Saint 
Dizier Air Base about 190 km east of Paris. Approximately 
40 aircraft (20 of each type) are thought to be assigned a 
total of 40 ASMPA cruise missiles.

The Mirage 2000N K3, which first entered operations in 
1988, carries two pilots and has an unrefueled combat 
range of approximately 1480 km. The standard nuclear 

strike configuration is with the ASMPA on the centerline 
pylon and two 1700-liter fuel tanks under the wings. The 
remaining Mirage 2000Ns at Istres will be replaced by the 
Rafale in 2018.

The two-seater Rafale F3 nuclear version, which first  
entered service in 2009 at Saint Dizier airbase, has an 
unrefueled combat range 1850 km. As with the Mirage 
2000N, the standard nuclear strike configuration for the  
Rafale F3 is with the ASMPA on the centerline pylon and 
two fuel tanks under the wings. Initially projected at 294 
aircraft (232 for the Air Force and 60 for the Navy), the  
Rafale programme has been scaled back significantly to 
132 aircraft for the Air Force (and 48 Ms for the Navy).

DELIVERY
VEHICLE

NO.
OPERATIONAL

YEAR
DEPLOYEDa

RANGE
(KILOMETERS)b

WARHEAD 
X YIELD

(KILOTONS)
WARHEADS

LAND-BASED AIRCRAFT

Mirage
2000 NK3
/ASMPA

20 1988/2009 2,750
1 TNA X  

Variable to 300 20

Rafale  
F3/ASMPA 

20 2008/2010 2,000 1 TNA X  
Variable to 300 20

CARRIER-BASED AIRCRAFT

Rafale  
F3/ASMPA

10 2010/2011 2,000 1 TNA X  
Variable to 300 10

SLBMc

M45 16 1997 >5,000
up to 6 TN75 

x100d 80

M51.1 32 2010 >6,000
up to 6 TN75 

x100e 160

M51.2 n.a. 2016 >6,000+
up to 6 TN75 

x150
n.a.

M51.3 n.a. (2020) ? ? n.a.

TOTAL 98 ~300

a	 For aircraft, the first number is for the aircraft, the second is for when the ASMPA first became operational with that aircraft.

b	 For aircraft the number listed is maximum range without refueling. Combat range is shorter but is extended by air refueling from tanker aircraft. The maximum range of the 	
	 ASMPA is 500 kilometers. For SLBM ranges, see: French Navy, “Missiles balistiques stratégiques (MSBS),” updated 11 March 2015, http://www.defense.gouv.fr/marine/ 
	 decouverte/equipements-moyens-materiel-militaire/missiles/missiles-balistiques-strategiques-msbs

c	 Three sets of missiles are available for three of four SSBNs in the operational cycle.

d	 Compared with its predecessor, the M4, the M45 carries “higher-performance TN75 nuclear warheads (stealthier RV and penetration aids).” 

e	 The M51.1, which first became operational on the Terrible in late-2010, has “significantly greater range and payload capacity, as well as greater accuracy”  than the M45.  
	 Payloads on individual missiles may vary significantly depending on mission.
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France operates a fleet of 14 Boeing-produced C-135FR 
tankers to refuel its nuclear strike aircraft. The tankers 
are organized under the 0/93 Bretagne squadron at Istres 
airbase. The C-135FR is being replaced with 12 new Phénix 
(Airbus 330) tankers, the first two in 2018.

The ASMPA is a nuclear enhanced medium-range  
air-to-ground missile with a ramjet engine and a maximum 
range of 500 km. The missile carries the new TNA warhead 
with an estimated maximum yield of 300 kilotons, although 
lowers yield options are thought to be available. MBDA 
Missile Systems states that the TNA is a “medium energy 
thermonuclear charge, a concept validated during the last 
nuclear testing campaign [in 1995-1996]. Simulators have 
proven its effective operation.”6 Although validated by  
live nuclear tests, the French Ministry of Defence states  
that the TNA is the only nuclear warhead that has  
been designed and certified by simulation rather than  
nuclear tests.7

Following initial design development in 1997, the ASMPA 
production contract was awarded in 2000 to Aerospatiale 
Matra Missiles at a value of more than five billion French 
Francs ($1 billion).8 Aerospatiale Matra Missiles later 
merged with other companies to form the MDBA, the  
current producer of ASMPA. The 2015 budget includes 
26.6 million ($29 million) for maintaining ASMPA reliability.

The ASMPA first became operational on 1 October 2009, 
on the Mirage 2000Ns of the 3/4 “Limousin” Fighter 
Squadron (since re-designated as the 2/4 “La Fayette” 
squadron) at Istres airbase in southern France. The  
ASMPA was declared operational on the Rafale F3s of the 
1/91 “Gascogne” Fighter Squadron during a ceremony  
at Saint-Dizer airbase (Air Base 113) on 1 July 2010.  
Production and delivery of the ASMPA and its TNA war-
head was completed in 2011. The warheads for the ASM-
PAs are thought to be stored at the two bases as well as 
the Avord Air Base 200 km south of Paris.

Following the announcement by President Sarkozy in 2008 
that the air-based nuclear posture would be reduced by 
one-third, the Strategic Air Force has been significantly 
reorganised in recent years. Of the three nuclear  
fighter-bomber squadrons that existed in 2008, two have 
been disbanded, one transferred, and an earlier disbanded 
squadron has be re-established at a new location. Of the 
two squadrons previously based at Luxeuil airbase, one 
(1/4 Dauphine) was disbanded in 2010 and the other (2/4 
La Fayette) was moved to Istres airbase where it replaced 
the 3/4 Limousin squadron in 2011. Two squadrons now 
remain: the 2/4 “La Fayette” squadron at Istres airbase 
near Marseille and the 1/91 “Gascogne” squadron at Saint 
Dizier airbase east of Paris (see Table 2).

Although the ASMPA became operation in 2009,  
France has already started design development of a 
next-generation air-launched nuclear cruise missile. The 
new missile will have increased range and stealth features.

Along with reorganization and modernisation of the aircraft 
and their weapons, the nuclear custodial units have also 
been reorganized. The nuclear weapons custodial unit at 
Istres has been converted to ASMPA, and the nuclear 
weapons unit at Luxeuil has been disbanded. The  
nuclear weapons custodial unit at Saint Dizier that  
previously provided ASMP support to one of the two 
nuclear squadrons that used to be at Luxeuil, has now been 
converted to ASMPA to support the new 1/91 Gascogne 
squadron at Saint Dizier.

The airbase at Avord (BA 702) continues to provide  
nuclear support to the fighter squadrons. The base has  
a nuclear weapons storage area managed by a nuclear 
weapons custodial unit and recently converted to the  
new ASMPA missile.

Due to the relatively short range of the Mirage 2000N  
and Rafale aircraft, France’s air-base nuclear weapons 
depend on refueling aircraft. The current tanker fleet , the 

BASE 2008 2015

Avord (BA 702) 14.004 DAMS 91.532 DAMS

Istres (BA 125)
3/4 Limousin Sq

  Mirage 2000N K3/ASMP
11.004 DAMS

2/4 La Fayette Sq
  Mirage 2000N K3/ASMPA

11.004 DAMS

Luxeuil (BA 116)

1/4 Dauphine Sq
  Mirage 2000N K3/ASMP

2/4 La Fayette Sq
  Mirage 2000N K3/ASMP

13.004 DAMS

No nuclear units but might  
serve as dispersal base

Saint Dizier (BA 113) 18.004 DAMS*
1/91 Gascogne Sq
  Rafale F3/ASMPA

18.004 DAMS

Key: ASMP = Air-Sol Moyenne Portee; ASMPA = Air-Sol Moyenne Portee Amélioré; BA – Base Aériennes; 
DAMS = Dépôt Atelier de Munitions Spéciales (special weapons depot); Sq = Squadron.
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US-supplied KC-135, is based at Istres airbase, one of the 
two nuclear airbases. Under current plans, the KC-135 will 
be replaced with the multi-role Airbus 330 tanker-transport, 
known as A330 MRTT Phoenix. A total of 12 A330s have 
been ordered at a cost of Euro 3 billion ($3.3 billion) with 
first delivery in 2018.9 

Sea-based aircraft
The aircraft carrier Charles de Gaulle (R91) is equipped to 
carry ASMPA cruise missiles for delivery by Rafale MF3 
fighter-bombers organized under the 12F squadron.
This mission was previously performed by the Super  
Étandard, but the Rafale MF3 is taking over this mission 
and the Super Étandard is scheduled to be retired in 2016. 
The first of 10 Rafale F3s was delivered in 2014 and 
the last will be delivered in 2017 at a cost of 240 million 
($261.9 million).

When not deployed on the carrier, the air wing is based  
at Landivisau in northern France. When deployed, the 
Charles de Gaulle does not carry nuclear weapons  
under normal circumstances. Its complement of ASMPA 
missiles is probably stored at one of the air bases, probably  
Istres airbase.

Management of the ASMPA cruise missile for the Rafale 
MF3 on the Charles de Gaulle carrier is supported by the 
centre d’expérimentations pratiques et de réception de 
l’aéronautique navale (the center for practical experiments 
and integration of naval aviation, CEPA/10S) at Istres 
airbase (AB 125).

According to the French Navy, the Nuclear Naval-Air Force 
(FANU) based on the carrier is “[l]ess powerful” than the 
nuclear submarines “but more conspicuous” and “boasts 
great flexibility in terms of positioning and in demonstrating 
the power of the aircraft carrier.”10

Suggestions in 2013 that the carrier-based nuclear  
capability be retired11 were rejected by the Hollande  
government, which decided to retain the force.12

Sea-launched ballistic missile submarines 
France operates four Triomphant-class nuclear-powered 
ballistic missile submarines (SSBNs) equipped with  
nuclear-armed long-range ballistic missiles (SLBMs).  
The fleet, which is known as the FOST (La Force 
Océanique Stratégique), is based at the Ile Longue  
peninsula near Brest.Of the four SSBNs, at least two are 
always fully operational, one of them at sea on “deterrent 
patrol”. A patrol reportedly lasts about 10 weeks.13

Ballistic missiles for non-deployed submarines or stored 
onboard the submarine at the Ile Longue base or in  
unique silos at the base. The warheads, if not loaded on  
the missiles, are at the weapons storage facility near  
Saint-Jean approximately four kilometers south of the 
 Ill Longue.

The French SSBN force is in the middle of an upgrade from 
the M45 to the M51 missile. Currently, one of the four 
SSBNs is equipped to carry the M45, two carry the M51, 
and one is undergoing conversion to the M51.

The M45 entered service in 1997, has a range of more 
than 4000 km and can carry up to six TN75 thermonuclear 
warheads. The TN75 was proof tested during France’s final 
nuclear test series at Mururoa in 1995–1996.

The current version of the M51 is known as M51.1. It first 
became operational on Le Terrible in late-2010. The  
production contract was awarded to EADS Astrium 
SPACE Transportation in 2004 at a price of Euro 3 billion 
($3 billion).14 The 2015 budget includes Euro 610.9 million 
($666.6 million) to maintain and modify the M51, and  
another Euro 190.9 million ($208.3 million to adapt the M51 
for the next-generation SSBN.15

The M51.1 carries the same warhead (TN75) as the M45, 
but the M51.1 reportedly has “significantly greater range 
and payload capacity, as well as greater accuracy.”16  
Increasing the payload makes little sense today so the  
M51 probably carries the same number of warheads as  
its predecessor, or less, to maximize countermeasures  
and range.17

Photo: Flickr/Todd Lappin
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SSBN 2015 2018 2020

Le Triomphant (S 616) M51.1/TN75 M51.2/TNO M51.2/TNO

Le Téméraire (S 617) M45/TN75 M51.2/TNO M51.2/TNO

Le Vigilant (S 618) M51.1/TN75 M51.1/TN75 M51.2/TNO

Le Terrible (S 619) M51.1/TN75* M51.1/TN75 M51.3/TNO?

NAME OF 
FACILITY

LOCATION
(COORDINATES) ROLE

Centre d’Etudes de Valduc
(CEA Valduc)

Burgundy
(47°34’37.02”N, 

4°52’6.79”E)

Warhead production and dismantlement.  
Hydrodynamic test center added from 2014.

DAM-Ile-de-France
(CEA Bruyères-le-Châtel)

Ile-de-France
(48°35’40.53”N, 

2°12’0.30”E)
Warhead design research and computer simulation.

Centre d’Etudes de Ripault
(CEA Ripault)

Centre
(47°17’26.05”N, 
0°40’13.66”E)

Research and production of non-nuclear components, 
 including high explosives.

Centre d’Études  
Scientifiques et Techniques 

d’Aquitaine (CESTA)

Aquitaine
(44°38’46.70”N, 
0°47’42.20”W)

Design of equipment for nuclear weapons, reentry  
vehicles, and coordinates the development of nuclear 

warheads. The site is the location of the Mejoule facility 
designed to study the fusion process of secondaries.

Centre d’Etudes de  
Vaujour-Moronvilliers
(CEA Moronvilliers)

Champagne-Ardenne
(49°14’5.32”N, 
4°19’16.88”E)

Airix x-ray machine used to study hydrodynamic behavior 
of pre-fission implosion of primary.  

Airix being moved to Valduc.

Centre d’études de Gramat
(CEA Gramat)

Midi-Pyrénées
(44°44’23.44”N, 

1°44’3.05”E)

National center for studying vulnerability of  
nuclear weapons systems to nuclear effects.

Note: Only three sets of missiles and warheads are produced. The forth SSBN will be in overhaul at any given time.
* The Terrible became operational with the M51 SLBM in December 2010.

Conversion of the remaining three SSBNs to the M51 has 
happened during their normal maintenance and refueling 
cycles. Conversion of the final boat (Téméraire) is planned 
for completion in 2018.18

From 2016, the modified M51.2 will be introduced on the 
Triomphant, which will carry a new warhead known as  
the TNO (Tête Nucléaire Océanique).19 The development  
contract was awarded to EADS Astrium Space  
Transportation in the third quarter of 2010. Work on a third 
version of the M51, known as M51.3, began in 2014 and  
is scheduled for deployment around 2020, possibly on  
the Terrible.

Operation of the SSBN force reportedly costs more than 
$2 billion (Euro1.5 billion) per year,20 and a French audit 
report in 2010 found that the unit wcost of the SSBNs had 
increased by more than 50 percent.21

Although not nuclear-armed themselves, Rubin-class 
nuclear-powered attack submarines play an important part 
in the nuclear mission by providing protection to SSBNs 
deploying on patrol.22 The Rubin-class will be replaced in 
this mission by the Barracuda-class starting in 2018. 

 
Fissile materials 
France is no longer thought to be producing fissile materials 
for nuclear weapons. Large quantities produced during the 
Cold War are more than sufficient for the current warhead 
level. Plutonium production at the Marcoule facility  
ceased in 1992 with an estimated six tons remaining.  
HEU production ended in 1996 with an estimated 26 tons  
remaining, and the HEU production plant at Pierrelatte 
has been dismantled.23 

The nuclear weapons complex 
France’s nuclear weapons complex is managed by the 
DAM (Direction des Applications Militaires), a department 
within the Nuclear Energy Commission (Le Commissariat à 
L’énergie Atomique et aux Énergies Renouvelables, CEA). 
DAM is responsible for research, design, manufacture, 
operational maintenance, and dismantlement of nuclear 
warheads. Of CEA’s 15,000 employee, more than 4,700 
are working for the DAM. In 2010, the DAM received  
Euro 1.7 billion ($1.9 billion) of the Euro4.2 billion  
allocated to CEA. Following the decision to end nuclear 
testing in 1996, France has reorganized its nuclear  
weapons centers. Today, DAM operates six sites  
(see Table 4).
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Warhead design and simulation of nuclear warheads take 
place at the DAM-Ile-de-France (Bruyères-le-Châtel)  
Centre approximately 30 kilometers south of Paris. The 
centre houses Tera 100, a super computer that went into 
operation in July 2010. The previous generation super  
computer, Tera 10, is also located at the centre, which 
employs about half of the people affiliated with the military 
section (DAM) of the CEA.

The Valduc Center (Centre d’Etudes de Valduc, or  
CEA Valduc) is responsible for nuclear warhead production, 
maintenance, and dismantlement. It is located  
approximately 30 kilometers northwest of Dijon and is  
undergoing expansion to accommodate new facilities  
resulting from the 2010 French-British defence treaty.  
The AIRIX x-ray radiography facility is being moved to 
Valduc from the Moronvilliers center to become  
operational in 2014. A second radiography facility will  
be added by 2019, and a third by 2022 to form the  
Epure facility.

The CESTA (Centre d’Études Scientifiques et Techniques 
d’Aquitaine) near Le Barp is responsible for the design of 
equipment for nuclear weapons, reentry, and coordinates 
the development of nuclear warheads. The site is also the 
location of the new Megajoule laser, France’s equivalent of 
the US National Ignition Facility. Construction of Megajoule, 
which will study the thermonuclear process in warhead 
secondaries, began in 2005 and was scheduled for com-
pletion in 2014. A smaller Laser Integration Line (LIL) laser 
has been operating at CESTA since 2002 to validate the 
Megajoule design. The Megajoule reportedly costs  
Euro 3.5 billion ($3.8 billion).24 CESTA was established in 
1965 and employs 970 people.

The Vaujour-Moronvilliers Centre 60 kilometers east of 
Reims includes the Airix  x-ray pulse machine established  
in 2000 to study the pre-fission hydrodynamic behavior  
of imploding high explosives in a nuclear warhead primary.  
The results are used to validate warhead simulation  
computer codes. Airix was scheduled to be re-established 
at Valduc in 2014.

The Gramat Centre (Centre d’études de Gramat) is  
responsible for hardening nuclear weapons against  
radiation. The centre was transferred to the CEA in 2010.

Combined, warhead simulation costs account for  
approximately Euro 505 million ($551 million) in the  
2015 budget.25

Naval nuclear propulsion 
In addition to nuclear weapons production, France spends 
considerable resources on building nuclear propulsion  
for naval vessels that carry the nuclear weapons. France  
currently has 11 nuclear-powered naval vessels in  
operation: four Triumphant-class ballistic missile  
submarines, six Rubis-class attack submarines, and one 

Charles de Gaulle-class aircraft carrier. Although  
nuclear-powered attack submarines are not nuclear-armed, 
they play an important role in the nuclear posture by  
protecting SSBNs on patrol. Construction of a replacement 
for the Rubin-class is underway, known as the  
Barracuda-class, at a price of more than Euro 8.6 billion 
($9.4 billion) for six boats, with the first unit expected in 
2017.26 

 

Construction of nuclear-powered vessels happens at the 
naval shipyard in Cherbourg on the English Channel.  
Development and testing of the nuclear reactors takes 
place at CEA Cadarache center north of Toulon.  
Production of the reactors happens near Nantes at the  
naval propulsion factory of DCNS (Direction des  
Constructions Navales), the manager of the naval shipyard 
at Cherbourg. Refueling of the nuclear-powered vessels 
takes place at the naval shipyard in Toulon. The fuel-life of 
French naval reactor cores is probably 6 to 8 years. 

Economics 
Assessing the total cost of French nuclear forces is diffi-
cult. There is no detailed official public nuclear budget and 
reports vary depending on sources and cost categories 
counted. France is generally thought to spend about a third 
of its annual military budget on the nuclear mission. The 
2015 military budget includes Euro 2.6 billion ($2.8 billion) 
for nuclear forces, Euro 93 million ($101.5 million) for 
SSBN infrastructure, and Euro 450 million ($491  
million) for operations,27 for a total of at least Euro 3.1  
billion ($3.4 billion) for nuclear-related costs. If adding other 
items, according to one assessment, annual spending on 
the nuclear forces comes to Euro 3.9 billion ($4.2 billion) in 
the 2014-2019 plan, up from Euro 2.8 billion ($3 billion) in 
the 2003-2008 defense plan and Euro 3.8 billion ($4.1  
billion) in 2009-2014.28 

International law
Although the French government will insist that its recent 
reduction of the land-based air-delivered nuclear force is 
consistent with France’s obligations under article VI of the 
nuclear Non-Proliferation Treaty to pursue nuclear  
reductions, its rejection of additional reductions and its 
ongoing modernisation of its nuclear forces might be seen 
as being out of sync with those obligations.

If France were to change this policy and reduce its  
nuclear forces further, the most likely first option would be 
to phase out the carrier-based nuclear capability. An  
additional step could be to eliminate the air-delivered  
ASMPA nuclear cruise missile altogether. In addition to 
strengthening France’s arms control saving record,  
doing so would save scarce military resources and free the 
bomber squadrons of the unnecessary burden of nuclear 
weapons certifications and operations to focus on the more 
relevant conventional mission.

 35



Phasing out the carrier- and sea-based nuclear cruise 
missiles would still leave France with a robust and capable 
sea-based nuclear strike force sufficient to “deter” nuclear 
attack on France.

Public discourse
Although there is some debate in France over the com-
position and cost of the nuclear forces, it is not a very 
prominent debate. The nuclear defense establishment 
is very insulated and views the future of the “force de 
frappe” as beyond public debate. When defence officials in 
2013 rejected a proposal from a private institute to phase 
out the nuclear strike mission on France’s single aircraft 
carrier, civilian sources warned of a pro-nuclear defence 
lobby imposing an artificial “consensus” about French 
nuclear doctrine. “It’s locked down,” a defence expert said. 
Anyone who questions the deterrent doctrine is subject to 
“eviction or ridicule”.29

Not surprisingly, President François Hollande announced 
in February 2015 that he had decided to retain the car-
rier-based nuclear capability, upgrade the last remaining 
Mirage 2000N squadron to Rafale, begin future upgrades 
of the M51 SLBM, commission design studies for a new 
class of SSBNs to replace the current Triumphant-class 
submarines, and develop a new and improved air-launched 
cruise missile.30

Hollande rejected additional reductions for the foreseeable 
future. “If the level of other arsenals, particularly those of 
Russia and the United States, were to fall one day to a few 
hundred weapons, France would respond accordingly, as it 
always has,” he said but added: “But today, that scenario 
is still a long way off.”31
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India
M.V. Ramana 

The 2014 elections in India brought the Hindu  
Nationalist Bharatiya Janata Party (BJP), under the  
leadership of Narendra Modi, back into power. In his  
election manifesto, Modi, an authoritarian politician,  
promised to “revise and update” India’s nuclear doctrine 
and “make it relevant to [the] challenges of current times.”1 
When it last came to power, in 1998, the BJP fulfilled an 
election campaign pledge by ordering nuclear weapon 
tests, the first since 1974, and its then leader Atul  
Vajpayee proudly proclaimed India to be a nuclear-armed 
state.2 The first months of the Modi government have not 
seen a public statement of a new nuclear doctrine, but 
there has been a significant increase in military expenditure 
and plans for ambitious new programmes, especially  
nuclear submarines.  

Indian officials increasingly claim to have realized a nuclear 
strategy they call “credible minimum deterrence,” while 
recognizing that some technical and military capabilities  
still need to be acquired.3 As of mid-2014, the Nuclear 
Notebook of the Bulletin of the Atomic Scientists  
estimated that India has 90 to 110 nuclear weapons.4  
It has the capability to deliver these weapons using  
airplanes and land-based missiles, and there are plans for 
submarine-launched missiles. Questions about the state 
of India’s nuclear weapon capabilities and planning have 
focused less on the hardware of the arsenal and more on 
aspects such as the operational requirements for being 
able to use the weapons and the state of planning for the 
execution of nuclear war. Occasionally, however, there are 
questions about the reliability both of the nuclear warheads 
(described in the 2012 report) and the missiles.5 

Status of India’s nuclear forces
India’s nuclear arsenal is still in the development stage, 
rather than being modernised. Programmes are largely 
aimed at developing and deploying new delivery systems 
that would be more capable of attacking cities and their 
populations at greater distances, one goal being to target 
major population centres in China. The testing of these  
systems is a highly visible, well publicised activity in  
complete contrast to the near absence of official  
information about other aspects of the nuclear arsenal,  
including technical aspects of the weapons themselves, 
their command and control, and plans for their use.  
Although there is evidence of efforts aimed at increasing 
coordination between the scientific agencies that control 
the nuclear weapons and the different wings of the military 
that control the delivery systems to enable more effective 
operationalisation of India’s nuclear forces, there is little 
detail available publicly.  

Delivery systems
Following the lead of other nuclear-armed states, Indian  
policy makers desire the ability to deliver their nuclear 
weapons using airplanes, ballistic missiles launched from 
land, and submarine-launched missiles, even though the  
official nuclear doctrine dating back to 2003 does not call 
for such a triad.6 However, Indian nuclear planning has 
largely relied on an earlier document, with no official status, 
known as the draft nuclear doctrine released by the  
National Security Advisory Board in 1999.7 This calls for 
India’s nuclear forces to be deployed on a triad of delivery 
vehicles of “aircraft, mobile land-based missiles and  
sea-based assets” that are structured for “punitive  
retaliation” so as to “inflict damage unacceptable to the  
aggressor”. The reference to “sea-based assets,” a  
relatively vague term that was not explained, may have  
reflected either secrecy or uncertainty about progress on 
the ballistic missile submarine project and in principle allows 
for different kinds of naval nuclear weapon systems to  
be acquired.  

Aircrafts are India’s oldest nuclear delivery system. Indeed, 
until 1998, the Indian Air Force was the only military service 
with a nuclear role and had modified some of the aircraft it 
had imported from France to deliver the weapons.8  
Currently, the Indian Air Force has several aircraft that are 
capable of delivering nuclear weapons, the Mirage  
2000-H, the Jaguar IS/IB, and the Sukhoi-30.9 However, 
the Air Force is modernising its fleet and some of these 
will likely be replaced by other aircraft.10 Nuclear planners 
would like, in particular, “long range bombers with a  
capability to deliver cruise missiles or nuclear capable 
standoff air to surface missiles.”11 

The naval leg of the triad has been the focus of much  
attention in recent years. India is in the process of  
deploying its first nuclear submarine, Arihant. Although 
much delayed, the submarine began what were described 
as “sea acceptance trials” in December 2014, having 
earlier “passed its harbor acceptance trials.”12 The delay 
is explained as being due to the caution on the part of the 
safety regulatory authority.13 However, it is reported that 
a second nuclear submarine is ready and a third vessel is 
under construction.14 Another nuclear fuel core to reload 
the Arihant submarine after it has been in service for some 
years is reportedly also “ready for shipping”.15 

The Arihant submarine is intended to carry up to 12 ballistic 
missiles each armed with one nuclear warhead.  
Currently, this missile is the B05, also known as the K-15, 
with a range of 700 to 750 kilometers. Testing of the  
missile started sometime in the late 2000s and the B05 
missile has by now been tested over a dozen times.16  
The first four tests of the system were kept a secret and 
India publicly announced only the successful fifth test, in  
February 2008.17 Many of the early tests, however, might 
have been tests of subsystems rather than the full  
missile.18 The K-15/B05 missile will reportedly be test  
fired from the Arihant during the submarine’s sea- 
acceptance trials.19 
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Naval planners want submarine launched missiles with 
longer ranges than K-15/B05 to be deployed. Vice Admiral 
Ravi N. Ganesh, who headed the Indian nuclear submarine 
building programme for four years, states “the INS Arihant 
and her successors will need to be armed with missiles 
of at least intermediate ballistic missile range (3,000 - 
5,500km). Until a missile with this range becomes  
operational, India’s sea-based deterrent must clearly be 
considered to be in a developmental stage.”20 

The process of building such longer range missiles  
has started. The first test of a 3000 kilometer range  
submarine-launched ballistic missile named K-4 was carried 
out in March 2014.21 There were reports that the missile’s 
gas-booster was tested earlier.22 K-4 is believed to be  
capable of carrying a warhead weighing up to 2 tons and 
uses solid propellant. The Arihant submarine is reported to 
be capable of carrying four of these (as compared to twelve 
of the shorter range K-15 missiles).23 

The expansion of the nuclear arsenal to the sea will result 
in a significant shift in India’s nuclear posture. Thus far, to 
the extent that there is any public clarity of the fact, India 
is believed to keep its nuclear weapons separate from the 
delivery vehicles. Once there are operational submarines 
armed with nuclear weapons at sea, both the delivery  
vehicle and the weapons will be on the same platform.24

In February 2015, the government also approved the 
construction of six nuclear powered attack submarines.25 
The proposal is still in its very early stages and even the 
navy’s technical requirements for these submarines are yet 
to be drafted.26 The timing of the announcement may have 
to do with the defence establishment taking advantage of 
the more militaristic outlook of the Modi government; the 
programme is estimated to cost about 1 trillion Rupees 
($16 billion in nominal exchange terms).27 Development of 
such a naval capability appears to be part of a larger naval 
competition with China, with control of the Indian Ocean 
being a particular area of contention.28

While the naval leg of the triad is still under development, 
the land- and air-based legs have been in place for a while. 
The main land-based nuclear delivery system is the Agni 
series of missiles. Work on the Agni started as part of the 
Integrated Guided Missile Development Programme in 
1983, but the missile has been substantially redesigned 
since the 1998 nuclear tests.29 The latest of the missiles in 
this series is the three-stage, 5,000 kilometer range Agni 
V, which is fired from what is described as a canister rather 
than a fixed concrete launch pad.30 

The significance of this firing mode is explained by the 
former Director General of the Defense Research and 
Development Organization (DRDO), Avinash Chander, who 
said in July 2013, “In the second strike capability, the most 
important thing is how fast we can react. We are working 
on cannisterised systems that can launch from anywhere at 
any time.”31 Being in a canister also allows for the missile 
to be transportable by truck on the road system and thus 

harder to locate. Agni V is scheduled for further tests and 
induction into the armed forces is projected for 2017.32 This 
schedule may slip; in 2012, when the Agni V missile was 
first tested, V. K. Saraswat, the head of DRDO, the agency 
that developed the missile, announced: “We are going to 
conduct two more tests and those will be validation tests ... 
and then the production of this system will start. It is going 
to take a year maximum” and that the missile would be 
inducted into the armed forces in “the next two years,”  
i.e. by 2014.33 

The Agni IV missile with only two stages and a  
slightly shorter range is also still under testing before being 
deployed. Its latest test, in December 2014, involved the 
“users,” the Strategic Forces Command that is in charge 
of the nuclear arsenal, and the missile was reportedly flown 
in “its full deliverable configuration”.34 Compared to the 
earlier Agni missiles, Agni IV is described as lighter  
in weight and capable of transporting a “payload with  
re-entry heat shield”; in other words, it could carry a  
nuclear weapon that would be expected to survive the high  
temperatures it would encounter as it re-enters the  
atmosphere in the last leg of its ballistic trajectory.35  
According to the Indian Ministry of Defense 2013-14  
Annual Report, the Agni IV “missile is now ready for  
induction and its serial production will begin shortly.”36 

The Agni III also had roughly the same range as Agni IV  
but it was reportedly about three times as heavy.37 It has 
undergone a number of tests, including one in December 
2013 by “personnel of Strategic Forces Command” as 
part of “regular user training”.38 Likewise, the Agni II, with a 
range of 2000 to 2500 kilometers, and Agni I, with a range 
of 700 kilometers, have also been tested several times, 
including by the Strategic Forces Command.39 Finally, there 
is the series of Prithvi missiles, which have a shorter range 
and are regularly tested by Strategic Forces Command, 
most recently in February 2015.40 

According to India’s Ministry of Defense, the Agni I, II, 
and III missiles “are already in the arsenal of the Armed 
Forces”.41 The International Institute for Strategic Studies 
estimates that the military possesses about 80 to 100 Agni 
I missiles and 20–25 Agni II missiles, and about 30 Prithvi I 
and Prithvi II missiles.42 

In addition to these ballistic missiles, the DRDO has also 
been developing a cruise missile. The first successful test 
of the Nirbhay cruise missile took place in October 2014.43 
An earlier test failed and the flight had to be terminated 
mid-course.44 With a reported range of 1000 km, the 
Nirbhay is said to be capable of delivering a small nuclear 
warhead.45 The Nirbhay is now reportedly being adapted for 
being launched from the Russian Su-30MKI aircraft.46 

For the future, the DRDO is said to be developing a longer 
range Agni VI. In addition to the longer range, DRDO’s 
plans for this missile to be capable of carrying four or six 
warheads that would be aimed at different targets: what are 
called multiple independently targetable re-entry vehicles 
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or MIRVs.47 The unnamed DRDO missile technologist who 
spoke about the MIRV design to the media made it clear 
that the government had not yet sanctioned the Agni VI 
MIRV project, but the DRDO had already “done all the 
enabling studies, finalized the missile’s design and started 
working on the engineering part.”48

Another of the DRDO’s more ambitious plans is to explore 
the possibility of using the capabilities of the Agni  
series of missiles, especially Agni V, to develop an anti- 
satellite (ASAT) weapon. In a public interview the head of 
the DRDO was clear that the development of an ASAT 
weapon was not something the Government had ordered, 
saying, “India does not believe in weaponization of space. 
We are only talking about having the capability. There are 
no plans for offensive space capabilities.”49 At the same 
time, the DRDO is also working on mini-satellites that 
would be used to identify military targets on the ground.50 

Finally, there are plans to develop and deploy a ballistic  
missile defence (BMD) system. India’s interest in BMD 
started in the 1990s with the DRDO starting conceptual 
studies, combined with discussions with Israel and Russia 
about air defence.51 India has come a long way since then 
and is now reported to be planning the deployment of a 
BMD system around cities, possibly starting with Delhi and 
Mumbai.52 In its first phase, the system will aim to counter 
incoming missiles of 2000 kilometer range, while stopping 
missiles with up to 5000 kilometer range would be  
attempted in the second phase.53

A key component of the BMD system is the Prithvi inter-
ceptor missile, which has been tested a number of times. 
The more recent tests have been conducted in the exo-at-
mosphere (altitude above 40 km) whereas the earlier ones 
were in the endo-atmosphere (altitude below 40 km).54 In 
most cases, the results have been described as success-
ful, although as in the United States, many of these tests 
are perhaps scripted and thus the interception may not 
have been in a very realistic situation. 

In the cases of all these advanced systems, it is clear that 
there is a significant push from the military research  
establishment to develop these technologies, presumably 
in the hope that the government will agree to provide  
funding and thereby ensure continued work, if not  
expansion, for these laboratories. 

Hawkish retired military personnel have picked up on these 
ideas and have added to the chorus. For example, the  
former Commander in Chief of the Strategic Forces  
Command has called publicly for the “development [of] 
MIRV and MaRV [Manoeuvering re-entry vehicles]  
capability” arguing, “MIRV does provide a system to  
increase the number of targets destroyed by one delivery 
vehicle, overcome missile interception defences, deliver 
more on a single missile, thereby reducing the delivery  
vehicles. However, the disadvantage of MIRV delivery  
missile loss does worry planners with small arsenals. 
MaRV is required to overcome missile interception  

defences, ensure assured strike and it also improves  
deterrence. Other aspects for future development are 
improved guidance systems, miniaturization, bigger 
SSBNs, antisatellite capability, space based sensors, earth 
penetrating systems and host of new technology required 
to overcome protection/ defensive systems.”55 There is 
evidently no end to the weapons desired by these hawks.

Fissile materials 
India’s nuclear weapons are based on plutonium. Although 
the country produces highly enriched uranium (HEU),  
the other fissile material commonly used in nuclear  
weapons, all the HEU produced in the country is believed 
to be earmarked for the nuclear submarine programme  
described earlier.

India has historically produced weapon-grade plutonium at 
two production reactors, CIRUS and Dhruva, both at the 
Bhabha Atomic Research Centre (BARC), in Mumbai.56  
The CIRUS reactor was shut down in December 2010, 
after 50 years of operation, and all the spent fuel from the 
reactor has been reprocessed to separate out the  
plutonium contained.57 BARC is the primary location where 
most of the nuclear weapons work in the country is carried 
out. Besides the reactors, the site is also home to the 
Trombay reprocessing plant.58 Metallurgical activities  
involving plutonium are carried out in the same complex.59 

Because of overcrowding on the BARC site, a second  
nuclear site is being built in the city of Vishakhapatnam on 
the Eastern Coast of India. Among the important facilities 
being planned for this site are two new reactors, with  
power levels of 125 MWt and 30 MWt. According to the  
Indian government, construction of these reactors is 
“scheduled to commence” before 2017.60

On the basis of the limited amount of information available 
about the operations of these multiple facilities and  
reasonable assumptions, and after accounting for material 
that would have been used in nuclear weapons tests and 
other purposes, India is estimated to have a net stockpile 
of weapon-grade plutonium of 0.59 ± 0.20 tons as of the 
end of 2014.61 The upper estimate includes the possibility 
that some of the power reactors in the country that are 
primarily meant for producing electricity have also  
produced limited amounts of weapon-grade plutonium.62 
The current stockpile of weapon-grade plutonium could  
suffice to produce about 100 warheads (assuming  
5 kilograms per weapon).

There is also the possibility of using reactor-grade  
plutonium to make nuclear weapons. While there is no 
official confirmation of this possibility, there has been 
ample speculation that one of the devices tested in 1998 
used reactor-grade plutonium.63 If this is the case, then 
the nuclear arsenal could potentially be much larger. The 
estimated stockpile of separated plutonium from power 
reactors is 2.0 to 4.4 tons of plutonium as of the end of 

 40



2014.64 Assuming that about eight kilograms of the material 
is required for a weapon, this stockpile could be used to 
make 250 to 550 weapons. 

Officially, however, this stockpile of reactor-grade plutonium 
is intended for use as fuel for India’s planned fast breeder 
reactors.65 While it may consume reactor grade plutonium, 
the fast breeder program provides a potential source of 
weapon-grade plutonium. During the negotiations and  
public debates surrounding the nuclear deal that was  
negotiated with the United States, the DAE strenuously 
insisted on keeping outside of international safeguards the 
Prototype Fast Breeder Reactor (PFBR) being constructed 
at Kalpakkam in southern India. The PFBR can produce 
about 140 kilograms (kg) of weapon-grade plutonium every 
year if it operates at 75% efficiency.66 This is sufficient for 
fabricating nearly 30 weapons every year and would  
represent a major increase in weapons production  
capacity. However, the PFBR has been repeatedly  
delayed and is now currently scheduled to start operating 
at full power (“commercialized”) late in 2016.67 When  
construction of the PFBR began in 2004, the  
commissioning date was projected to be 2010.68 

The HEU used to fuel nuclear submarines comes from the 
Rare Materials Plant in Rattehalli, Mysore (Karnataka). The 
HEU is said to be enriched to a level between 30 and 45% 
of uranium-235, much less than weapon-grade uranium. 
Assuming an enrichment level of 30%, India is estimated to 
have a stockpile of 3.2 ± 1.1 tons of HEU as of the end  
of 2014.69

India’s HEU production capability is being increased. Based 
on satellite imagery, in June 2014, the defence magazine 
IHS Jane’s identified new buildings at the Rattehalli plant 
showing that the plant was being expanded.70 A second 
enrichment facility called the Special Material Enrichment 
Facility has been proposed in Chitradurga, again in the 
state of Karnataka. According to officials, this facility will 
be used for both production of HEU for the submarine and 
for low enriched uranium to be used as nuclear reactor 
fuel.71 However, there are no power reactors in the country 
that require low enriched uranium from Indian enrichment 
plants.72 Thus, it is likely that the initial, if not primary, 
purpose of the second facility will be to produce HEU for 
military purposes. 

The proposal to set up the Chitradurga enrichment plant as 
well as other military testing facilities in the area has been 
challenged by local villagers and environmentalists.73 In  
a rare development, the National Green Tribunal, the  
country’s top legal authority on environmental issues, 
ordered a stop to construction in August 2013. Although 
BARC has fenced up the area and is continuing  
preparatory activities, a strong opposition movement has 
so far not allowed actual construction. 

The role of other countries 
India’s modernisation programmes and the larger  
militarisation project involve active commercial dealings and 
exchanges of technology with other countries. Its nuclear 
weapons programme owes much to Canada and the United 
States and the first ballistic missile, Prithvi, is based in part 
on reverse-engineering a Soviet missile.74 In recent years, 
the main area of joint activity is the development of the 
BMD system.  
 
For a decade or more, India’s interest in developing a BMD 
system has found enthusiastic approval within some  
sections of the US nuclear policy making elite. For  
example, Ashley Tellis, who served as Senior Adviser to 
the US ambassador to India in the early 2000s, lauded the 
“dramatic new acceptance of strategic defenses as  
conducive to stability on the part of New Delhi” as “both 
an example of, and a means toward, the steady  
improvement in US-Indian ties.”75 US interest in engaging 
India on BMD even spilled over to NATO, and in 2011 a 
top NATO official even offered to cooperate with India 
on BMD.76 Despite this interest on both sides, efforts by 
DRDO to work with Raytheon in the United States had not 
“come to fruition” under earlier governments, but there is 
an expectation among defence analysts that this is more 
likely under the current BJP government.77  
 
The proposed plans for joint work on BMD need to be seen 
against a larger backdrop of India joining with the United 
States in an anti-China alliance, a long-held BJP goal. 
During the visit to New Delhi by President Barack Obama 
in January 2015, the two countries agreed on a “Joint  
Strategic Vision for the Asia-Pacific and Indian Ocean  
Region” as well as various military cooperation  
agreements. As pointed out by analyst and peace activist 
Praful Bidwai, these agreements aim to “recruit India into  
a partnership with the US to contain China’s military and 
economic power in what pro-US enthusiasts term the  
‘Indo-Pacific’, as part of the US ‘pivot’ to Asia.”78  

On the US side, the appointment of Ashton Carter as  
Secretary of Defense might prove significant. During 
a 2012 visit to India when he was still Deputy Defense 
Secretary, Carter spoke to the Confederation of Indian 
Industries, which represents the interests of Indian corpo-
rations, and termed BMD “an important potential area for 
our future cooperation,” stressing that cooperation meant 
working on co-development of projects.79 

The other country that is significant when it comes to Indian 
BMD plans is Israel. Though India has traditionally been a 
supporter of Palestinian rights and did not have diplomatic 
ties with Israel, things have changed substantially since in 
the last two decades.80 India’s defence relationship with 
Israel has also changed during this period. According to 
former Israeli Ambassador to India, during the Kargil war  
in 1999, “Israel came to India’s assistance when India  
was in great need and brought about the turnaround in the  
situation on the ground.”81 These ties have been  
strengthened since the 2003 visit of Israel’s Prime Minister 
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Ariel Sharon to India.82 An important component of those 
ties revolved around plans to jointly build an integrated 
anti-missile system that was announced in February 2014.83 
The proposed missile “defence” programme is to involve  
Rafael and Israel Aircraft Industries in Israel and DRDO, 
Bharat Dynamics Limited, and Bharat Electronics Limited in 
India. It would consist of India’s Prithvi missile in  
combination with an Israeli mobile radar system, quite likely 
the Green Pine radar. The Israeli Green Pine radar was  
originally developed for Israel’s Arrow anti-ballistic missile 
system. India has imported Green Pine radars in the past 
and has since, with Israeli help, produced what it calls the  
Swordfish radar.84 

Under the BJP, India is in the process of forming a much 
closer military alliance with Israel.85 Even as Chief Minister 
of Gujarat, Prime Minister Narendra Modi forged strong 
ties with Israeli businesses, which invested heavily in the 
state. In February 2015, the Israeli Defense minister Moshe 
Ya’alon visited India and offered to share “cutting-edge 
weapons technologies” and the two countries are “close 
to finalising contracts for two additional Phalcon AWACS 
(airborne warning and control systems) and four aerostat 
radars, together worth well over $1.5 billion”; India already 
has three Phalcon AWACS early-warning radar suites  
dating back to 2004 when the BJP was last in power.86 

The third country that plays a key role in India’s  
modernisation activities is Russia. Russian help with the 
Arihant submarine may have been crucial. As detailed by 
Praful Bidwai, “the core of the Arihant technology … came 
from Russia. Scores of Russian engineers were sent to  
India to aid the Department of Atomic Energy (DAE) and 
the Defence Research & Development Organisation 
(DRDO). It was the Russians who supplied the vital  
designs, precision equipment based on their VM-5 reactor, 
and the technology of miniaturising the reactor.”87 

Russia also gave on lease a nuclear attack submarine that 
India has deployed.88 The lease period is 10 years at a cost 
of nearly $1 billion.89 This submarine does not carry  
nuclear weapons but has likely been deployed with the 
Arihant during its tests. In December 2014, India decided 

to lease another nuclear submarine from Russia, again in 
the same class and with the same conditions, including not 
using it as a platform for nuclear weapons.90 

Russia is also reportedly the source of the engine for the 
Nirbhay cruise missile.91  
 
 

Economics 
Indian nuclear arsenal development has been going hand in 
hand with an expansion of the military industrial complex. 
In the case of the nuclear weapons related infrastructure, 
this is especially true of the missile and submarine pro-
grammes. Since the very beginning, a large number of 
private and government companies – approximately 40 in 
the late 1990s – have been involved in manufacturing  
components for the missiles.92 Likewise, several large  
Indian corporate conglomerates, such as the Tatas and 
Larsen & Toubro have been involved in manufacture of the 
Arihant submarine.93 

Interest in increasing military expenditure and spreading the 
wealth around has been an interest of both the military  
(especially retired military leaders) and the corporate  
sector.94 Private corporations have benefitted from the 
expected boost in military manufacture under the Modi  
government. Many of the companies saw their stock  
prices go up significantly when the BJP won the elections 
in 2014.95 

Bharat Dynamics, the government company that integrates 
the different components of the Agni missiles developed by 
the DRDO, is setting up at least three new facilities in the 
states of Telengana, Andhra Pradesh, and Maharashtra, the 
last at a cost of Rs. 10 billion.96 

India’s costly nuclear and missile development is only part 
of the story. There is a larger military build-up going on and 
that is reflected in increasing expenditures. The budget for 
2015 saw an 11% increase in military spending.97 This  
follows a consistent pattern of increases over the last  
decade as shown in the table below.98

Table 1: Military Expenditure (local currency, current prices for calendar years)

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Military Expenditure 
(bn Rs) 917 1017 1085 1168 1436 1874 2108 2316 2523 2777

Military Expenditure  
(bn constant 2011 US $) 33.9 36.1 36.2 36.7 41.6 49 49.2 49.6 49.5 49.1

Source: Stockholm International Peace Research Institute
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In 2014, India achieved the dubious distinction of being the 
largest arms importer in the world. Its “imports of major 
arms rose by 111 percent between 2004-08 and 2009-13, 
and its share of the volume of international arms imports 
increased from 7 to 14 percent,” with the result that 
“imports are now almost 3 times as high as those of the 
second and third largest arms importers – China  
and Pakistan.”99  
 
 

International law and doctrine 
Ever since the 1974 nuclear test, the Indian government’s 
focus in arms control diplomacy has been to resist signing 
onto any international treaties that impose any obligations 
on its nuclear arsenal. This allows the government to 
maintain that it is a responsible member of the international 
community because it has not breached any agreement. 
Indeed, in a press statement from 18 May 1998, Jaswant 
Singh, a senior government official and a key strategist for 
the Bharatiya Janata Party, stressed precisely this when he 
said, “In undertaking these tests, India has not violated any 
international treaty obligations.”100 Since then India has held 
fast to the position that even though it has a moratorium on 
nuclear tests, it will not sign the Comprehensive Test Ban 
Treaty nor the nuclear Non-Proliferation Treaty. Neither has 
it agreed to a freeze on fissile material production pending 
the negotiation of a fissile material treaty.

The official nuclear doctrine of India issued in January 2003 
states that the country’s policy is to build and maintain 
“a credible minimum deterrent”. It then goes on to warn: 
“nuclear retaliation to a first strike will be massive and 
designed to inflict unacceptable damage.”101 Unacceptable 
damage, in plain English, means that these nuclear  
weapons would be dropped on cities, each killing hundreds 
of thousands or even millions of innocent people.

Public discourse
By and large, the discourse surrounding development, 
modernisation, and expansion of the nuclear arsenal  
involves jubilation about India becoming a militarily powerful 
state. Media articles often obsess over how few countries 
possess one or the other of the many destructive  
capabilities – nuclear submarines, anti satellite weapons, 
submarine launched ballistic missiles, and so on – and  
extol India for becoming just the third or sixth or whatever  
country to achieve the dubious status of acquiring  
these armaments.

There has been some limited debate over how large India’s 
nuclear arsenal should be. The argument for restraint 
has been primarily based on trying to hold planners to 
the nuclear doctrine, which calls for a “credible minimum 
deterrent,” and makes the case that the Indian arsenal 
“has already gone way over the minimum required to ‘inflict 
unacceptable damage’ on any rational government, be it 
Pakistan or China.”102 

Without getting into the problematic nature of qualifiers like 
“unacceptable” and “rational,” for those who see the  
number of nuclear weapons as already large enough to 
achieve “deterrence,” the main aims of further weapons 
development should be to build delivery systems that are 
capable to inflicting damage either in geographical regions 
so far not reachable (e.g. longer range missiles) or from 
platforms that are more difficult to attack (i.e. submarines). 

Many strategic analysts and media commentators also link 
“deterrence” to the establishment of a clear resolve and 
will to use military force in non-nuclear contexts, often  
making reference to terrorist events or border events.103 
As one strategist asked, “Would India really destroy  
Lahore, if one of our army brigades which have entered  
Pakistan is struck by a small nuclear weapon? A country 
that did not retaliate after the Mumbai terror attack in  
2008, does not look like one that would destroy a city of  
6 million, just like that. There is certainly an issue of  
credibility here.”104 

 
Like national security elites everywhere, Indian security 
policy makers have used secrecy as a weapon to quash 
independent questions, increasingly clamping down on the 
reporting of various details arbitrarily deemed secret. In 
August 2014, a leading television channel, NDTV, carried  
a news report about the Arihant submarine, where, in  
passing, it briefly mentioned something about the  
communication system used and that the Prime Minister 
was shown images of the submarine. This set off a furious 
reaction from the government’s National Security Advisor, 
who wrote a stern letter to the Indian Cabinet terming the 
information “classified” and stating that obtaining such 
information was an offence under the “Official Secrets  
Act,” and calling for “firm action”.105 

 

In August 2014, on the eve of a visit to Japan, Indian  
Prime Minister Modi declared, “There is no contradiction 
in our mind between being a nuclear weapon state and 
contributing actively to global nuclear disarmament  
and non-proliferation. India remains strongly committed  
to universal, non-discriminatory, global nuclear  
disarmament.”106 For anyone but those completely taken in 
by the ideological propaganda that pervades elite nuclear 
weapons discourse, the contradiction between the Indian 
nuclear modernisation activities and what might count as 
active contribution to nuclear disarmament is all too  
obvious. This trajectory needs to change. The only source 
of resistance to the ongoing buildup of the nuclear  
arsenal and the larger process of militarisation is the  
peace movement. This movement needs strengthening and 
our support.
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Israel
Merav Datan 

In the case of Israel, far more is known about its approach 
to modernisation in the most general terms and in the  
military context than about its approach to nuclear  
weapons. Whatever factual information is publicly  
available relies on sources outside of Israel. The analysis 
below will first explore relevant foreign sources in an effort 
to summarise the factual information available regarding  
Israel’s nuclear weapons programme and plans for its  
modernisation. It will then draw on relevant domestic  
sources in order to provide a broader context for  
these issues.  
 
 

According to foreign sources  
Since 1970, when the New York Times published  
revelations based on US intelligence assumptions, it has 
been widely assumed that Israel possesses nuclear  
weapons. Because Israel has never officially confirmed or 
denied having nuclear weapons1, the scope and nature of 
its nuclear arsenal is based on the assessments of foreign 
sources, which vary widely. Based on available foreign 
information, the current status and modernisation plans of 
Israel’s nuclear programme are outlined below. 

 

Nuclear weapons 
Estimates about the size of the arsenal are based on  
the power capacity of the nuclear reactor near Dimona  
(which, like the overall program, is subject to secrecy  
and uncertainty) ranging from 24MWt to 70MWt or more2 

 and on assumptions about production that in turn are 
based on speculation, scientific calculations, and  
unconfirmed revelations dating back to 1986.3 

 
Experts and analysts outside of Israel estimate that Israel’s 
current nuclear force ranges from 60–80 weapons at the 
low end to over 400 at the high end. The most recently 
cited figure is 80 warheads.4 

   
 

Fissile materials 
It is estimated that, Israel could have produced  
approximately 840 kg of weapons-grade plutonium.5 

 Estimates of highly enriched uranium (HEU) production 
are even more difficult to make, though public information 
suggests Israel has a uranium enrichment programme.6 

 A recent estimate has assumed Israel possesses  
approximately 300 kg of HEU.7 

  
 

Delivery systems 
The Sdot Micha Air Force Base is believed to host  
nuclear-tipped missiles.8 It is also assumed that Israel  
has a triad of delivery systems: land, air, and sea.9  

Specifically, Israel is believed to have deployed a  
cumulative total of 100 Jericho-I (500 km range) and  
Jericho-II (1,500 km range) ballistic missiles, both of which 
are nuclear capable as well as mobile by land or rail. The 
range of the Jericho-II and its 1,000 kg payload “make it 
well suited for nuclear delivery.”10 Israel’s space-launch 
rocket, the Shavit, which is similar to the Jericho-II, could 
“also be conceivably modified to deliver a nuclear weapon, 
thus granting Israel the ability to deploy an intercontinental 
ballistic missile if there were ever a political desire to do 
so,”11 although there is no indication of such a desire at  
this time. In terms of modernisation, Israel is currently 
developing a new ballistic missile, the Jericho-III, which is 
believed to have a maximum range of 4,000–6,500km.12 

 

Israel’s aircraft capabilities give it the option of using its 
F-16 Falcons or F-15 Eagles to deliver nuclear weapons. 
Both have a range of 2,500 km.13 As of late 2008, Israel 
was believed to have well over 200 Falcons, which it  
had purchased from the United States, although “it is 
assumed that only a fraction of this number will have the 
modifications, trained crews, and practiced procedures 
necessary to make them suitable for the nuclear  
mission.”14 Israel’s 87 Eagle fighter and ground attack  
aircraft were more recently purchased from the US,  
which itself designated the F-15E Strike Eagle for delivery 
of nuclear weapons, an indication that Israel could do  
the same.15 

  
Israel’s sea-launched nuclear capability is based on three 
Dolphin-class submarines that were bought from Germany, 
all of which were received and deployed by the year 2000.16 

These submarines are believed to be armed with  
dual-capable cruise missiles that were developed in Israel, 
with each missile having an estimated range of 1,500 km.17 

Reports claiming that these submarines are armed with 
modified US Harpoon anti-ship missiles (some of which 
could have been modified to deliver nuclear weapons 
to land targets) have been denied, but “[i]n 2003, in an 
interview with the Los Angeles Times, Israeli and American 
officials announced that Israel had deployed U.S. supplied 
Harpoon ASCMs on its Dolphin submarines and modified 
the missiles to carry nuclear warheads.”18 In September 
2014, Israel received the fourth of six German-made  
submarines.19 Theses submarines are reportedly nuclear  
capable.20 In light of current and planned nuclear  
capabilities, “it seems clear that the country is continuing 
to enhance its own triad of land, sea, and air launched 
nuclear systems.”21 

 

 

Infrastructure 
The Israel Atomic Energy Commission (IAEC), “among the 
most secretive organisations in Israel,” is the government 
agency that oversees the country’s nuclear activities.22 
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All factual information about its operations, including  
budget, organisational structure, relations with other 
military and defence organizations, and parliamentary 
oversight, is classified.23 The IAEC is chaired directly by the 
prime minister and operates “to a certain extent under a 
dual identity,” serving both as the government agency  
that executes national nuclear policy and as a body staffed  
by nuclear scientists that carries out Israel’s nuclear 
research. The IAEC also represents Israel in international 
nuclear fora.24 

 

sThe IAEC oversees the operation of Israel’s two national 
nuclear-research facilities. The Negev Nuclear Research 
Center, located near the southern desert town of Dimona, 
“includes working units for a full array of nuclear- 
weapons-related activities, from uranium conversion, fuel 
fabrication and uranium enrichment, to a plutonium- 
production reactor and reprocessing mechanisms, and  
possibly weapons-specific facilities” and is reportedly  
believed to serve as “Israel’s national laboratory in the 
nuclear field.”25 As noted above, estimates vary regarding 
the reactor’s capacity. The original capacity of 24MWt was 
reportedly expanded to 40MWt and later to 70MWt.26 

 

The Soreq Nuclear Research Center, located approximately 
40km south of Tel Aviv, was purchased from the US as 
part of the “Atoms for Peace” programme. It was originally 
constructed as a 1MWt light-water research reactor and 
later expanded to 5MWt. It is the only facility in Israel under 
IAEA safeguards. According to the Soreq website:

Its R&D activities include laser and electro optics, nuclear 
medicine, radiopharmaceutics, non-destructive testing, 
space components characterization and testing, crystal 
growth, development of innovative radiation detectors  
and sophisticated equipment for contraband detection. It 
offers radiation protection training, and operates personal 
dosimetry service. It is a major distributor of radio- 
pharmaceuticals for medical diagnostics and therapy.27 

 
In sum, Israel is assumed to have “full fuel-cycle  
capabilities”28 but specific details and current information is 
not available. It is also assumed that other nuclear activities 
related to weaponisation are “carried out in other secret 
facilities.”29 It is further believed that “Israel is upgrading its 
deterrence capabilities.”30 

 

 

Policy 
The secrecy surrounding Israel’s nuclear activities serves 
the policy of nuclear “ambiguity” or “opacity”.31 Nuclear 
opacity has been defined as a situation in which “a state’s 
nuclear capability has not been acknowledged, but is  
recognized in a way that influences other nations’  
perceptions and actions.”32 In Israel’s case, this policy was 
the product of a compromise with the United States that 
emerged during the years leading up to conclusion of the 
nuclear Non-Proliferation Treaty (NPT), the period during 
which Israel was reportedly developing its first nuclear 

weapons.33 The NPT was opened for signature in 1968 and 
entered into force in 1970.

Israel had reportedly completed its first nuclear device by 
May 1967.34 Despite US pressure, in 1968 Israel informed 
the US that because of its security needs, it could not sign 
the NPT at that time. A nuclear option was seen as an 
existential necessity. In 1969 Israeli Prime Minister Golda 
Meir and US President Richard Nixon reached a secret 
agreement that laid the foundation for a tacit “don’t ask, 
don’t tell” policy between the two states with respect to 
Israel’s nuclear-weapons capability.35 The US accepted that 
Israel felt a security-based need to have a nuclear-weapons 
capability, and Israel agreed not to undermine the NPT by 
openly declaring its nuclear capability. The secrecy  
surrounding Israel’s nuclear programme is an outgrowth of 
this compromise.

According to domestic sources  
The policy of opacity has shaped and circumscribed Israel’s 
non-proliferation, arms control, and disarmament policies. 
Despite this opacity, however, Israel does participate pub-
licly in some non-proliferation activities and agreements. In 
fact, Israel is generally supportive of the non-proliferation 
regime, and particularly in recent years, has made efforts to 
be recognized as a technologically advanced, mature state 
committed to the “spirit of the NPT”.36 

 

Interest in participating in international nuclear activities 
(including an India-like exception to Nuclear Supplier Group 
guidelines) and a recurring but fledgling interest in exploring 
nuclear energy options have informed this new approach. 
Similarly, domestic discourse, though far from democrati-
cally free and open, exists but is also circumscribed by the 
policy of opacity. 
 
 

International law and doctrine 
Israel has signed but not yet ratified the Comprehensive  
nuclear Test Ban Treaty (CTBT), citing concern with the  
as-yet incomplete development of the verification regime 
and potential abuse of this regime; Israel’s status in the 
policy making organs of the Treaty; and concerns with the 
regional security situation in the Middle East.37 It actively 
participates in verification activities of the CTBT  
Organization Preparatory Committee. Israel is a signatory 
or party to a number of non-proliferation-related (safety and 
security) agreements, including the Vienna Convention on 
Civil Liability for Nuclear Damage, the Convention on the 
Physical Protection of Nuclear Material, the Convention on 
Early Notification of a Nuclear Accident, the Convention  
on Assistance in the Case of a Nuclear Accident or  
Radiological Emergency, Convention on Nuclear Safety,  
the Revised Supplementary Agreement Concerning  
the Provision of Technical Assistance by the IAEA, and  
a Safeguards Agreement applicable to the Soreq  
nuclear facility.38 
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 On the basis of the above legal commitments, in  
combination with its NPT non-party status and its  
emphasis on security and secrecy surrounding nuclear  
activities, Israel projects itself both domestically and  
internationally as a responsible non-proliferant (in the sense 
of not supplying nuclear technology to others but, rather, 
having an interest in sharing safety and security expertise). 
Not having signed the NPT, Israel is not bound by its article 
VI disarmament obligations under a strict treaty-based  
interpretation of international law, which is the prevalent 
view in this context. Arguments based on customary  
international law that posit a universal obligation to disarm 
have not gained ground or drawn attention (or a rebuttal) 
within Israel, but they would likely be countered by the 
argument that Israel is not bound by agreements that it has 
not signed (a view consistent with Israel’s general approach 
to international legal norms and obligations) and has, in 
fact, systematically rejected. The “persistent objector”  
exception to a customary international legal norm would 
likely be invoked in the event that customary international 
law is given consideration. In this context, any modernisa-
tion of nuclear weapons would not be perceived by Israel 
as a conflict with international legal commitments. 
 
 

Public discourse 
The domestic discourse on nuclear issues is characterized 
by what has been termed the “enigma of opacity”:  
ignorance is a qualification for speaking on nuclear issues.39 

Anyone who “knows” cannot speak openly about the 
issues, while anyone who speaks must first profess  
ignorance by asserting reliance on foreign sources.

At the basis of nuclear policy is the question of legitimacy 
(Israel’s right to exist). Perceived existential threats  
informed, drove, and shaped the development of a nuclear 
programme. US-led non-proliferation efforts shaped the  
further development of this secrecy. Yet the concept of 
nuclear “deterrence” requires that others (the target 

audience) be aware of Israel’s capability. Thus it relies on 
foreign sources and indirect references because a strictly 
secret nuclear programme would have no deterrent value. 
This interaction between secrecy and opacity is further 
shaped by questions of Israel’s legitimacy or right to exist. 
On the one hand, Israel still perceives nuclear deterrence 
as a guarantor of its existence, that is, opacity as an  
existential issue. On the other hand, international criticism 
of Israeli nuclear policy, which is unique in the global arena, 
feeds into and reinforces challenges to Israel’s legitimacy. 
The trilateral interplay among these issues – opacity,  
secrecy, and legitimacy – is represented in the figure below.

One presumably unintended consequence of the  
internalised secrecy within Israeli society is that the phrase 
“according to foreign sources” has come to imply sensitive 
and secret information about internal domestic issues.  
It is ironic and perhaps unique among nations that the  
term “foreign sources” in Israel refers to “our own  
innermost secrets”.

The policy of opacity entails a nuclear weapons capability 
about which “everyone knows” (domestically and  
internationally, with the former reliant on the latter) and an 
umbrella of secrecy covering the physical and doctrinal 
elements of this capability. The nuclear-capable aspect of 
opacity, which is perceived as provocative or in violation of 
international law by Israel’s critics, is projected within Israel 
as a policy of restraint, of which secrecy is an element: 
Israel does not advertise its nuclear capability; Israelis do 
not conduct parades celebrating their nuclear capabilities 
(unlike other countries); secrecy is the alternative to  
open declaration of a nuclear option, which would be 
provocative. This is the prevalent perception.

The secrecy surrounding Israel’s nuclear programme, which 
has its origins in the US-Israel compromise discussed 
above, has taken on a life of its own at the domestic level. 
The origins of opacity are no longer the driving force as 
Israelis practice self-censorship on a wide range of nuclear

Opacity Secrecy

Legitimacy

 50



issues. At the same time, a discourse does exist at the  
academic level and, increasingly, in the media, driven in 
large part by debate over Iran’s nuclear programme and the 
best response. This discourse relies on foreign sources as 
a factual foundation, but that has not prevented a relatively 
open discourse at the elite level within the contours of  
academic and think-tank dialogue. For example, the  
Institute for National Security Studies (Israel’s foremost  
security think tank) addresses “the Obama vision” of 
nuclear disarmament from an Israeli perspective (generally 
regarding this vision as unrealistic).40 

It has frequently been asserted that Israel views its nuclear 
programme as a “sacred national insurance policy”41 and 
even critics of the policy in its current form have asserted 
that “for a state born out of the Holocaust and surrounded 
by the hostile Arab world, not to [acquire a nuclear  
weapons capability] would have been irresponsible.”42 

A somewhat superficial but nevertheless telling example 
illustrates the difference between Israel’s domestic and 
international discourses as well as the potential for change 
within Israeli policy. Following the 2011 and first-ever IAEA 
forum on a nuclear weapons free zone (NWFZ) in the  
Middle East, which Israel had resisted for 11 years, an  
editorial was published in the newspaper Ha’aretz 43  
observing that, in the words of a participating Israeli  
delegate “the sky didn’t fall on us.” The secrecy born 
of the policy of opacity had bred a fear of discussing the 
issues that turned out to be unfounded. What is most 
telling about this editorial, however, is that despite a faithful 
translation between the Hebrew and English versions, the 
headlines differed.44

In English the editorial was entitled “Israel is clinging dearly 
to its policy of nuclear ambiguity” and the subheading went 
on to state, “Israel has never claimed that there is no  
possibility it will change its nuclear policy one day. But for 
Israel that’s a vision for the distant future.”45 The Hebrew 
version was identical expect for the headline, which directly 
translates as “Disarmament, But Not Now.”46 Ha’aretz is a 
daily newspaper published in both Hebrew and English, and 
not surprisingly, the emphasis in coverage differs slightly:  
a foreign-language target audience is not likely to seek an 
Israeli newspaper for coverage of news that has no direct 
bearing on Israel, whereas Hebrew-language readers are 
more likely to rely on Ha’aretz if it is their newspaper of 
choice for coverage of any news, domestic or foreign. 
What is telling in the case of the editorial mentioned above 
is the difference in emphasis when the same editorial is 
packaged for foreign vs. domestic consumption. In the 
former case the emphasis is on maintenance of the old 
nuclear policy, and the words “clinging dearly” imply a 
near-desperate tone (not actually reflected in the body  
of the editorial). In the latter case the emphasis is on  
disarmament, a relatively new idea for a domestic audience. 

Weapon of mass  
destruction free zone 
The goal of a nuclear weapon free zone (NWFZ) or  
weapons of mass destruction free zone (WMDFZ) in the 
Middle East is not a new idea among Israel’s diplomatic  
representatives, however. Israel has joined the consensus 
UN General Assembly resolution on a Middle East NWFZ 
since 1980, but with reservations. As stated in Israel’s 
most recent explanation of vote on this resolution:47  
 
A credible [regional security] process is also closely  
connected to the widely agreed principle that the  
establishment of any NWFZ, or WMDFZ as is in the case 
of the Middle East, must be based on arrangements  
freely arrived at. This requires that regional states have to 
fully commit themselves to open and direct communication 
channels, to genuine engagement and the  
acknowledgement of the threats and challenges facing 
other regional partners. They have to recognize all regional 
states’ right to exist and the need to build a spirit of  
conciliation rather than of confrontation. In the final  
analysis, this is an incremental process, where one building 
block must be placed on top of the other, in a stable and 
sustainable manner. 
 
During the UN General Assembly meetings Israel annually 
asserts that “it remains committed to a vision of the Middle 
East developing eventually into a zone free of Chemical,  
Biological, and Nuclear weapons as well as ballistic mis-
siles” but that these issues can only be “realistically 
addressed within the regional context.” A NWFZ, or a 
WMDFZ (which, as Israel notes, is unprecedented) “must 
be based on arrangements freely arrived at through direct 
negotiations between the states of the region and those 
directly concerned, applying a step by step approach.”48 
 
On 23 November 2012, the United States announced the 
indefinite postponement of the conference to establish a 
Middle East WMDFZ, a decision that has been criticized  
by the Arab states of the region and co-convener of the 
conference, the Russian Federation. Subsequently, the 
Finnish facilitator, Ambassador Jakoo Laajava, has  
convened five multilateral consultations in preparation for 
such a conference, in which Israel has participated on  
senior or authoritative level.49 As of 1 April 2015 no further 
meetings have been held, nor has a date for the conference 
been announced.
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Pakistan
Zia Mian

Pakistan has been rapidly developing and expanding its 
nuclear arsenal since its nuclear weapon tests in May 
1998. It is moving from an arsenal initially based on simple 
highly enriched uranium (HEU) fission weapons to greater 
reliance on lighter and more compact plutonium weapons. 
This has been made possible by the construction over the 
past fifteen years of three additional plutonium production 
reactors, all of which appear to be operational as of early 
2015.  To support this build-up, Pakistan has been blocking 
the start of talks at the United Nations Conference on 
Disarmament on an international treaty that would ban the 
production for weapons of HEU and plutonium – the key 
ingredients in nuclear weapons.    

Pakistan is moving from aircraft-delivered nuclear bombs to 
ballistic missiles and also to ground-launched, air-launched, 
and possibly sea-based cruise missiles that can carry 
nuclear warheads. It is testing a battlefield missile system 
that is claimed to be nuclear-capable. Pakistan’s arsenal 
is expected to continue to grow in size, with warheads 
moving to greater states of readiness as command and 
control systems are seen as more reliable.

The lack of official information makes estimates of 
Pakistan’s spending on its nuclear weapons programme 
highly uncertain, but this cost is likely not a large share of 
its overall military spending. Pakistan’s military spending is 
subsidized by large amounts of military aid from the United 
States and subsidized arms sales from China. To help 
it meet basic social and economic development needs, 
Pakistan receives large amounts of international aid and 
loans for budgetary support.  
 

Status of Pakistan’s nuclear forces 
As of the end of 2014, Pakistan was believed to have  
on the order of 130 nuclear weapons, an almost  
ten-fold increase from the year 2000. The US government 
estimated in 2011 that Pakistan’s stockpile may have been 
in the range of 90 to over 110 weapons.1 The growth of 
the arsenal appears to have been steady for most of the 
past decade (see Table 1) but it may begin to increase 
at a faster rate in coming years as additional plutonium 
becomes available from the production reactors that came 
online in 2013 and 2014 and new delivery systems move 
from development to deployment.    

There is little reliable information on the yields of Pakistan’s 
nuclear weapons. The number and yields of the nuclear 
weapon tests carried out on 28 and 30 May 1998 are 
disputed, with Pakistan initially claiming six tests with 
some having explosive yields of tens of kilotons, while 
independent seismologists found evidence supporting a 
smaller number of tests and total yields of about 10 kt and 
5 kt for the tests on 28 May and 30 May respectively.2 A 
semi-official account claims that in 1998 “only two bombs 
were selected for tests” and another four designs were 
tested without fissile material.3 

There is little known about Pakistan’s weapon designs, 
although Pakistan is believed to have received in the early 
1980s a first generation Chinese weapon design that used 
HEU.4 If two weapons were tested in 1998, one may have 
used HEU and the other plutonium for the shell of fissile 
material (known as a ‘pit’) that undergoes the explosive 
nuclear chain reaction, or possibly a combination of both 
in a ‘composite’ pit.5 Pakistan may also have developed 
‘boosted’ weapons, in which tritium gas is injected into the 
pit just before it explodes to increase the fraction of the 
fissile material that undergoes fission and so significantly 
increase the explosive yield of the nuclear weapon.6 

Pakistan is not believed to have thermonuclear weapons, 
although Pakistani nuclear weapon scientists claim they 
could develop such weapons if tasked and funded to 
do so.7 This would most likely require additional nuclear 
weapon tests. After its tests in 1998, Pakistan declared 
a moratorium on nuclear testing, following a similar 
declaration by India. 

Year 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14

Weapons 14 20 26 32 38 44 50 60 70 80 90 100 110 120 130

Source: Adapted and updated from Robert S. Norris and Hans Kristensen, “Global Nuclear Weapons Inventories,  
1945–2013,” Bulletin of the Atomic Scientists, September/October 2013 vol. 69 no. 5, pp. 75-81.

Table 1: Estimated number of weapons in Pakistan’s nuclear arsenal, 2000-2014
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Delivery systems 
Pakistan is developing various road-mobile ballistic missile 
systems and ground-launched, air-launched and possibly 
sea-based cruise missiles to carry its nuclear weapons. 

These missiles are at various stages in their development 
and it unclear which systems will eventually be deployed 
(Table 2). 

Pakistan is believed to rely on US supplied F-16 fighter  
jets to deliver nuclear bombs and French supplied Mirage 
jets to deliver both bombs and the Ra’ad air-launched 
nuclear-armed cruise missile. It is unclear if the JF-17 jets 
that Pakistan recently acquired from China also will carry 
the Ra’ad cruise missile.8 Pakistan has received assistance 
from the Democratic People’s Republic of Korea (DPRK) 
and especially from China with its missile programme. 

The reliability of Pakistan’s missiles is uncertain. In January 
2003, the liquid-fueled Ghauri missile (sometimes called 
Hatf V) was formally inducted into the army. It is believed to 
be derived from the DPRK’s No-Dong missile. Work on the 
Ghauri missile started in the early 1990s and the first test 
was carried out in 1998. The reliability of the missile came 
into question after debris fell to earth from a Ghauri test in 
2012.9 The test, initially reported as being successful,  
was described as a “field training exercise” by the  
Strategic Missile Group of the Pakistan Army Strategic 
Force Command.10 

Pakistan’s most frequently tested missile system as of the 
end of 2014 is the 750 km-range solid-fueled Shaheen-I, 
which was handed over to the military in March 2003.11  

It is believed to be derived from the Chinese M-11 missile 
and US officials have suggested China may have provided 
Pakistan with M-11 missile components, 34 intact M-11 
missiles, and “blueprints and equipment … to build a plant 
for making missiles,” as well as technical assistance with 
further development of this missile.12 A variant of this  
missile, dubbed Shaheen-1A, with longer range  
(about 900 km) has been tested.13  

An even longer-range ballistic missile system, the  
Shaheen-II, with 1500–2500 km-range, is under  
development. It was first tested in 2004 and may be  
nearing deployment. In 2014, a Shaheen-II test was 
described as an Army Strategic Forces Command “field 
training exercise” that was “aimed at ensuring operational 
readiness of a Strategic Missile Group.”14 However, this 
test also aimed at “re-validating different design and  
technical parameters of the weapon system,” suggesting 
this missile system may not be ready for deployment. In 
March 2015, Pakistan tested for the time a Shaheen-III  
missile, described as having a maximum range of 
2750km.15 With a missile of 2000 km range or longer,  
Pakistan can target anywhere in India. 

Table 2: Pakistan’s nuclear weapon delivery systems, 2014

DELIVERY SYSTEM RANGE (KM) DEPLOYMENT

AIRCRAFT

Aircraft F-16A/B 1,600 1998

Mirage V 2,100 1998

AIRCRAFT

Abdali (Hatf-2) 180 (R&D)

Ghaznavi (Hatf-3) 400 2004

Shaheen-1 (Hatf-4) 750 2003

Shaheen-1A (Hatf-4) 900 (R&D)

Ghauri (Hatf-5) 1200 2003

Shaheen-2 (Hatf-6) 2000 (R&D)

Nasr (Hatf-9) 60 (2014)

CRUISE MISSILES

Babur (Hatf-7) 350-750 (R&D)

Ra’ad (Hatf-8) 350 (R&D)

Source: Adapted and updated from Hans Kristensen and Robert S. Norris, “Pakistan Nuclear Forces 2011,” Bulletin of 
the Atomic Scientists, Volume 67, No. 4 pp. 91-99, and Phillip Schell and Hans Kristensen, “PArkistani nuclear forces”  
in SIPRI Yearbook 2014: Armaments, Disarmament and International Security, Oxford University Press, 2014 Pakistani 
pp. 328-332, and press release by Parkistan Inter-Services Public Relations Directorate.
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The 2005 India-Pakistan Agreement on Pre-Notification of 
Flight Testing of Ballistic Missiles commits the two states 
to give 72 hours’ notice before a ballistic missile flight test 
and to not test missiles close to their borders. It does not 
cover cruise missiles.  

Pakistan is developing a nuclear-capable ground-launched 
cruise missile (Babur) and the Ra’ad air-launched cruise 
missile with ranges of about 600 km and 350 km  
respectively. Pakistan began testing these missiles in 2005 
and 2007 respectively. The most recent test, conducted in 
early 2015, involved firing Ra’ad from a Mirage fighter jet, 
and was the sixth test of this missile system.16 Pakistan 
may seek to put nuclear-armed cruise missiles on some 
of its submarines, or modify existing naval missiles to be 
nuclear capable.17 

The most recent system to begin development is the 
60 km-range Nasr missile. First tested in 2011, Nasr is 
described as a battlefield system able to carry “nuclear 
warheads of appropriate yield” and as “consolidating  
Pakistan’s deterrence capability at all levels of the threat 
spectrum.”18 In a test in 2014, a salvo of four Nasr  
missiles was fired from a multi-tube launcher on the back  
of a truck.19 Reports suggest that Nasr is presumably  
intended for use as a short-range battlefield nuclear  
weapon system against Indian conventional armoured  
forces during the early stages of a conflict. Analysis of such 
a scenario suggests Pakistan would need to deploy and 
use many tens of Nasr missiles to be able to destroy  
a significant fraction of the 1000 or so Indian tanks that 
may be involved in such an action.20    

There is little public information about the storage and 
deployment status of Pakistan’s nuclear weapons. It was 
believed in the late 2000s that “missiles are not mated with 
warheads and the physics packages (the fissile cores) are 
not inserted into the warheads themselves.”21 Reports  
suggested that while warheads are kept in component 
form, possibly by “isolating the fissile ‘core’ or trigger from 
the weapon and storing it elsewhere … all the components 
are stored at military bases.”22 

In the years since then, however, Pakistan has moved 
to developing cruise missiles and a potential battlefield 
nuclear weapon system. These systems may need nuclear 
warheads that are lighter and more compact than those 
that could be carried by the ballistic missiles. These new 
missiles also may not be as amenable as large, long-range 
ballistic missiles to having their warheads stored in  
component form ready to be integrated at short notice.  

Seven possible locations for Pakistan’s nuclear weapons 
storage have been suggested (Table 3). Some of these 
sites are associated with airbases that are home to nuclear 
weapon capable aircraft, which may carry either nuclear 
bombs or air-launched cruise missiles. Other sites are 
associated with warhead and missile development and 
assembly facilities, while some sites seem to be secure 
underground storage for weapons. No site has yet been 
identified for possible naval nuclear weapons. 

 

Table 3: Pakistan nuclear weapon storage sites, 2014

FACILITY NAME/LOCATION PROVINCE FUNCTION

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

Shanka Dara Missile Complex Punjab Missile development and potential 
warhead storage capability

Fatejhang National Defense Com-
plex Punjab Missile development and potential warhead storage

Wah Ordnance Facility Punjab Possible warhead production, disassembly 
and dismantlement facility

Masroor Weapons Depot Sindh Potential storage of bombs for Mirage Vs  
at Masroor Air Base, and warheads for missiles

Khuzdar Depot Balochistan Potential underground weapons storage

Tarbela Underground Complex Khyber  
Pakhtunkhwa Potential weapons storage

Source: Hans Kristensen and Robert Norris, “Worldwide Deployments of Nuclear Weapons, 2014,”  
Bulletin of the Atomic Scientists, August 2014.  
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Fissile materials 
Pakistan has developed an extensive nuclear infrastructure 
that allows it to produce both HEU and plutonium for 
weapons. This includes capacity for uranium mining, 
uranium enrichment, nuclear reactor fuel fabrication, 
nuclear reactor construction, and spent fuel reprocessing 
for plutonium recovery. There is no official information 
on Pakistan’s fissile material production sites – although 
Pakistan and India each year exchange lists of nuclear 
facilities as part of their 1988 Agreement on the Prohibition 
of Attack against Nuclear Installations and Facilities.23 

These lists may include both military and civilian nuclear 
facilities, but are not made public. 

Table 4 presents a list of Pakistan’s fissile material  
production-related sites compiled from open sources as of 
2014. While the histories and operating capacities of these  
facilities are not clear, it is well known that Pakistan has 
been producing HEU for nuclear weapons since the early 
1980s and producing plutonium for weapons since the  
late 1990s. 

Table 4: Pakistan’s fissile material related facilities, 2014

LOCATION FACILITY TYPE MATERIAL

Dera Ghazi Khan Uranium mine, ore concentration plant, conversion plant Uranium

Issa Khel Uranium mine Uranium

Qabul Khel Uranium mine Uranium

Kahuta Uranium enrichment (Khan Research Laboratories) HEU

Gadwal (Wah) Uranium enrichment (secondary plant) HEU

Chaklala Uranium enrichment (pilot plant) HEU

Sihala Uranium enrichment (pilot plant) HEU

Golra Uranium enrichment (pilot plant) HEU

Khushab–I Heavy-water plutonium production reactor Plutonium

Khushab–II Heavy-water plutonium production reactor Plutonium

Khushab–III Heavy-water plutonium production reactor Plutonium

Khushab–IV Heavy-water plutonium production reactor Plutonium

Chashma (Khushab) Reprocessing facility (being commissioned) Plutonium

Rawalpindi Reprocessing facility–I Plutonium

Rawalpindi Reprocessing facility–II Plutonium

Khushab–I-IV Tritium production Tritium

Chashma (Kundian) Reactor fuel-fabrication plant

Multan Heavy-water production facility

Khushab Heavy-water production facility

Source: Adapted and updated from Nuclear Black Markets: Pakistan, A.Q. Khan and the Rise of Proliferation Networks, 
International Institute of Strategic Studies, London, 2007, and Feroz Hassan Khan, Eating Grass: The Making of the  
Pakistani Bomb, Stanford University Press, 2012.
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Accurate estimates about Pakistan’s production of HEU for 
its nuclear weapon programme are limited by uncertainty 
about Pakistan’s enrichment capacity and the operating 
history of its centrifuge plants at Kahuta and Gadwal.24  
It is estimated that, as of the end of 2014, Pakistan could 
have a stockpile of about 3 tonnes of weapon-grade 
(90%-enriched) HEU.25

As of the end of 2014, Pakistan operates four weapons 
plutonium production reactors. A semi-official  
account states these reactors have a capacity of about  
50 MW-thermal, with Khushab-IV possibly being larger, 
with a capacity of 50-100 MW-thermal.26 The Khushab-I 
plutonium production reactor, a heavy-water-moderated, 
light-water-cooled, natural-uranium-fueled reactor has been 
operating since 1997-1998. The Khushab-II reactor started 
operation in late 2009 or early 2010. Khushab-III began 
operating early in 2013.27 Khushab-IV began operation in 
2014.28 

Pakistan has been reprocessing spent fuel from the  
Khushab reactors at the Rawalpindi New Labs facility, 
which has two reprocessing plants, each with an  
estimated capacity of 10–20 tons per year of spent fuel.29 
These plants may not have the capacity to handle all the 
fuel from the four Khushab reactors, however. The spent 
fuel from Khushab-III and Khushab-IV may become  
available for reprocessing in 2015 and 2016 respectively, 
after the spent fuel has been cooled. As a result, Pakistan 
is estimated to have produced a total of almost 200 kg of 
plutonium as of the end of 2014.30

Satellite imagery from January 2015 suggests construction 
of the large reprocessing plant at Chashma may have been 
completed, and the facility may be being commissioned or 
even be operational.31 The Chashma reprocessing plant 
was originally intended to handle 100 tons of spent fuel per 
year. This capacity would be sufficient in principle to treat 
all the spent fuel from the four Khushab reactors.     
 
 

Infrastructure 
Pakistan’s nuclear weapons research, development, and 
production infrastructure are managed by the military-run 
Strategic Plans Division (SPD) and overseen by a National 
Command Authority (NCA) set up in February 2000 by 
General Pervez Musharraf. The NCA has responsibility for 
policy concerning the development and use of Pakistan’s 
nuclear weapons. The NCA is chaired by the Prime  
Minister, and includes the ministers of foreign affairs,  
defence, and interior, the chairman of the Joint Chiefs of 
Staff committee, the military service chiefs, and the  
director-general of SPD. The founding director-general of 
SPD, Lt. General Khalid Kidwai, retired after fourteen years 
of service in December 2013, and was replaced by General 
Zubair Mahmood Hayat.  

The SPD has responsibility for strategic weapons  
development and nuclear weapons planning and  

operations, as well as security of the nuclear complex. It 
also has an arms control group. The total number of staff 
of the SPD and the various programmes it is responsible 
for is uncertain. The former head of SPD has suggested 
that only about 2000 people hold “critical knowledge” 
of Pakistan’s nuclear weapons complex.32 A 2011 report 
suggested a total of about 70,000 professional staff in the 
entire strategic weapons complex.33 A former SPD official 
has indicated that as of 2013 the security division alone 
had 20,000 personnel and the force would grow to a total 
of 28,000 within a few years.34 

The nuclear weapons development and production  
infrastructure managed by SPD has three broad divisions:  
the A.Q. Khan Research Laboratory (Kahuta) produces 
enriched uranium; the Pakistan Atomic Energy Commission 
is responsible for uranium mining, fuel fabrication,  
reactor construction and operation, and spent fuel  
reprocessing to produce plutonium; and the National  
Development Complex is responsible for weapons and  
delivery system research and production.35 These three 
bodies are managed by the National Engineering and  
Scientific Commission. 

Pakistan’s nuclear weapons currently are assigned to its 
Army Strategic Force Command, which has responsibility 
for ballistic and cruise missiles, and the Air Force Strategic 
Command, which deals with nuclear armed aircraft.  
Pakistan’s Naval Strategic Force Command was  
established in 2012 and charged with “development and  
employment of … the nation’s 2nd strike capability” but 
it is not known if this command has yet been issued any 
nuclear weapons.36 Analysts believe Pakistan may be 
seeking naval nuclear armed cruise missiles that could be 
fired from ships or submarines.37 Following India’s launch in 
2009 of its first nuclear-powered ballistic missile submarine, 
which began sea-trials in 2014, there are suggestions that 
Pakistan may be seeking a matching capability.38    
 
 

Economics 
Secrecy about the history and scale of the nuclear weapon 
and missile programmes, the extent of external technical 
and material support, and the effect of indirect support 
through military and economic aid means the full cost of 
Pakistan nuclear weapons programme cannot be estimated 
with any reliability. This is part of the larger historical pattern 
in which military spending largely has been unaccountable, 
even to Parliament. The annual military budget was debated 
in parliament in 2008, for the first time since 1965.39

In 2001, retired Major-General Mahmud Ali Durrani (who 
later served as National Security Advisor to the President 
of Pakistan) estimated that Pakistan’s annual expenditure 
on “nuclear weapons and allied programs” was about 
$300–400 million (USD) and that Pakistan “will now need 
to spend enormous amounts of money for the following 
activities: a) a second strike capability; b) a reliable early 
warning system; c) refinement and development of  
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delivery systems; d) command and control systems.”40 
Citing an earlier estimate by Rammanohar Reddy for the 
cost of nuclear weapons development by India, Durrani 
suggested that Pakistan might need to spend about 0.5% 
of gross domestic product (GDP) for a period of at least 10 
years on such nuclear weapons activities.41 

General Pervez Musharraf, who seized power in 1999 and 
ruled until 2008, and held the positions of Chief of Army 
Staff and President, affirmed in 2004 that there had been a 
significant increase in nuclear weapon spending after 2000 
(when SPD had been established) as part of a 15 year plan. 
General Musharraf claimed in particular that during the  
previous three to four years the government had spent 
more on the nuclear weapons programme than in the  
previous 30 years.42 This increase in spending would be 
consistent with the large expansion in fissile material  
production capabilities and new missile system  
development that occurred after the year 2000. 

An independent estimate in 2011 suggested Pakistan’s 
nuclear spending could be about $800 million per year 
and possibly as much as $2 billion per year if health and 
environmental costs are included – and this spending was 
projected to rise significantly because of Pakistan’s expand-
ing nuclear programme.43 This estimate relies on an unsub-
stantiated 2009 Pakistani newspaper report that annual 
spending on “core classified development programs” was 
not more than Rs. 10 billion and that overall the “strategic 
organisations of the country… got less than 0.5 per cent of 
the GDP.”44 

Pakistan’s GDP was about $840 billion in purchasing power 
parity terms, and $232 billion in nominal terms in 2013 – 
the latest year for which World Bank data is available.45  
Assuming that Pakistan spends on the order of 0.5% of 
GDP on its nuclear weapons, and using purchasing power 
parity rather than market exchange rates to convert  
Pakistani rupees to US dollar equivalents, since most of 
the spending is for goods and services provided from  
within the country rather than imports, suggests that in 
2013 nuclear weapon programme spending may have been 
up to about $4 billion a year. 

For Pakistan to spend on the order of $4 billion per year on 
its nuclear weapons is feasible. The annual official military 
spending for 2014–2015 was budgeted at Rs700 billion, a 
10% increase from the previous year.46 Reports suggest 
this military budget does not include military pensions and 
various other direct and indirect costs associated with the 
armed forces and that including these costs would increase 
Pakistan’s total military budget for 2014–2015 to around 
Rs. 1113 billion (about $38 billion, using current purchasing 
power parity exchange rates). This would suggest that, in 
purchasing power terms, as of 2013, Pakistan spent the 
equivalent of about 10% of its conventional military budget 
on nuclear weapons.  

Pakistan is not reliant only on its own resources to support 
its military spending, including on nuclear weapons, or to 

meet its development needs. Since 2001, Pakistan has  
received an estimated $31 billion in military and economic 
assistance from the United States, of which about $10 
billion was economic aid of various kinds.47 The  
Congressional Research Service reported that in 2006, 
the United States signed arms deals with Pakistan for over 
$3.5 billion, including for 36 new F-16 jet fighters  
($1.4 billion) and associated missiles and bombs  
(over $640 million) and upgrades for Pakistan’s existing, 
older F-16 fighters ($890 million).48 

Reflecting its concerns after September 2001 about the 
vulnerability of Pakistan’s nuclear weapon and fissile  
materials to seizure by Islamist militants, the United States 
has provided Pakistan on the order of $100 million worth 
of assistance to secure its nuclear weapons, facilities, 
and materials.49 This has included “training of Pakistani 
personnel in the United States and the construction of a 
nuclear security training center… [and] a raft of equipment 
from helicopters to night-vision goggles to … fencing and 
surveillance systems, and equipment for tracking nuclear 
material if it left secure areas.”50  

Pakistan has also received extensive military assistance 
from China for its nuclear weapons, missile, and  
conventional weapons programmes.51 According to A.Q. 
Khan, in the early years of Pakistan’s uranium enrichment 
programme, China supplied 15 tons of uranium hexafluoride 
(the gas used in centrifuges), 50 kg of weapon-grade HEU 
(enough for two weapons), the design details for a  
nuclear weapon, and technical help with the nuclear  
weapons programme.52 Khan claims he provided China 
with the details of the European uranium enrichment gas 
centrifuges that Khan had acquired and provided training 
for Chinese technicians.53     

China’s conventional military assistance to Pakistan is  
beginning to rival the scale of support provided by the  
United States. In 2011, China agreed to fully fund the sale 
of 50 JF-17 jet fighters with advanced avionics to  
Pakistan.54 According to Pakistan’s Defence Minister 
Ahmad Mukhtar, these jets cost about $20–25 million each, 
which suggests that the total cost of the 50 JF-17 deal 
with China is about $1 billion or more.55 Pakistan was also 
reported in 2014 to be close to buying six new submarines 
from China.56 Pakistan dependence on military assistance 
from China is likely to grow as Pakistan’s poor relations 
with the United States worsen. 

Given its high levels of military spending and poor gov-
ernment finances because of governance failures, Paki-
stan is dependent on economic aid to meet even basic 
development needs. In December 2011, the World Bank 
announced a $5.5 billion aid package to support “poverty 
reduction and development” in Pakistan for the three-year 
period 2012–2014.57 For comparison, between 1952 and 
2003, the World Bank committed $18.2 billion of aid to Pa-
kistan.58 A comparison of a different sort is offered by the 
estimated damage of $10 billion caused by the 2010 floods 
in Pakistan that displaced some 20 million people and flood-
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ed over 50,000 square km area of land, and is described  
by the government of Pakistan as an “unprecedented 
calamity”.59  
 
 

International law and doctrine 
Pakistan is not a signatory to the nuclear Non-Proliferation 
Treaty (NPT), nor has it signed the Comprehensive Test 
Ban Treaty (CTBT), and it appears to recognize no  
international legal obligation to restrain or end its nuclear 
weapons and missile programme.60 Pakistan has said,  
however, that it supports “negotiation of a nuclear  
weapons convention along with a phased programme for 
the complete elimination of nuclear weapons within a  
specified time frame.”61 

Pakistan is the subject, along with India, of a unanimous UN 
Security Council resolution calling for restraint of its nuclear 
weapon and ballistic missile programmes. Resolution 1172 
(June 1998) calls upon India and Pakistan immediately to 
stop their nuclear weapon development programmes, to 
refrain from weaponization or from the deployment of  
nuclear weapons, to cease development of ballistic missiles 
capable of delivering nuclear weapons and any further  
production of fissile material for nuclear weapons, to 
confirm their policies not to export equipment, materials 
or technology that could contribute to weapons of mass 
destruction or missiles capable of delivering them and to 
undertake appropriate commitments in that regard.62 As 
of the end of 2014, Pakistan is clearly in violation of this 
Security Council resolution, as is India and possibly those 
countries that have exported nuclear and missile related 
technologies and materials to Pakistan and India. 

Pakistan has continued to block talks at the United Nations 
Conference on Disarmament (CD) on a possible  
international treaty banning the production of fissile  
materials for nuclear weapons (commonly known as a 
fissile material cut-off treaty or FMCT).  Most recently, in 
January 2015, Pakistan’s objection prevented the  
consensus required by the CD rules of procedure to agree 
the annual programme of work and so ensuring there will 
be no formal FMCT talks this year.63 

Pakistan explained at the CD in June 2014 that its  
concerns about a possible FMCT stem from India having 
accumulated a larger total fissile material stockpile than 
Pakistan, and the decision by the United States and other 
key countries, including those of the 48-nation Nuclear 
Suppliers Group (NSG), to waive three-decade old nuclear 
trade sanctions on India but to leave them in place for  
Pakistan.64 NSG guidelines had forbidden members from 
selling uranium, nuclear reactors, and fuel cycle  
technologies to countries that were outside the NPT  
because such sales could allow the target countries to  
expand their nuclear weapons programme. In late 2011, 
Zamir Akram, Pakistan’s ambassador to the UN  
Conference on Disarmament, proposed that if Pakistan 
received a waiver from the NSG similar to the one granted 

to India, Pakistan would be willing to join talks on an FMCT.

To address its concerns about India’s larger stockpile, in 
2014 Pakistan proposed that an FMCT should include the 
obligation to put under international monitoring:65 

 

	 •	 fissile material that has not been weaponized as yet, 
		  but set aside either for new warheads or for the re		
		  placement and refurbishment of existing warheads; 
	 •	 irradiated fuel and reactor-grade separated plutonium 		
		  produced from any unsafeguarded reactor, military or 		
		  otherwise; 
	 •	fissile material from retired warheads or those in the 		
		  dismantlement queue, including such material already in 	
		  waste disposal sites; 
	 •	fissile material declared excess for military purposes; 
	 •	fissile material for non-proscribed military activities like 	
		  naval propulsion etc.; and 
	 •	fissile material designated for civil purposes.

This proposal would serve to freeze the size of nuclear 
weapon arsenals and suggests Pakistan may intend to 
keep its entire fissile material stockpile in the form of 
components in deployed warheads or as stored warhead 
components. Safeguards on the second category of  
material are clearly intended to capture India’s large  
stockpile of unsafeguarded spent fuel and separated  
plutonium for its nuclear power reactors and prevent its 
possible use in weapons. This would serve to give Pakistan 
the parity that it seeks with India in fissile material  
stockpiles potentially available for weapons. 

Pakistan’s long-running search for strategic parity with India 
informs almost all its nuclear diplomacy.66 It is debatable 
whether Pakistan’s FMCT proposal is intended as a serious 
constructive suggestion or a diplomatic move to lessen the 
perception of Pakistan as being stubbornly uncooperative 
on this issue. Regardless, it is unlikely that the other  
nuclear-armed weapon would accept such broad  
constraints as part of an FMCT. Progress towards an 
FMCT at the CD may have to wait until Pakistan’s  
SPD believes it has a big enough plutonium stockpile or  
the international community decides to make achieving  
an FMCT a much higher priority in its relationships  
with Pakistan.  
 
 

Public discourse 
Nuclear weapons have played a major role in Pakistan’s 
domestic political discourse for over 40 years. Prime  
Minister Zulfikar Ali Bhutto, who launched the nuclear 
weapons programme in 1972, famously declared that  
Pakistan would get the bomb even if its people had to  
eat grass. Since then, Pakistani governments have  
sought to create a positive image of the nuclear weapons  
programme, often by linking it to national pride and  
national identity. 
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After the nuclear tests of May 1998, Pakistan’s military  
and political leaders saw the bomb as a panacea for  
solving many long-standing national political, social and 
economic problems. One assessment observes that at the 
time Pakistan’s leaders “told themselves and their people 
that the bomb would bring national security, allow Pakistan 
to liberate Kashmir from India, bind the nation together, 
make its people proud of their country and its leaders, free 
the country from reliance on aid and loans, and lay the base 
for the long-frustrated goal of economic development.”67 
None of these hopes have come to pass in the nearly two 
decades since then. 

Pakistan’s major political parties nonetheless remain  
determined in their support for the nuclear weapons  
programme. The Pakistan Muslim League (PML), which 
came to power after the elections in 2013 and is led by 
Prime Minister Nawaz Sharif, claims credit for the bomb; 
the previous PML government, also led by Nawaz Sharif, 
ordered the 1998 nuclear tests. Pakistan’s other national 
political party, the Pakistan People’s Party (PPP) also claims 
credit for the nuclear programme because the PPP and the 
nuclear weapons programme were both founded by Zulfikar 
Ali Bhutto. Bhutto’s daughter Benazir led the PPP  
and served two terms as Prime Minister, and after her  
assassination in 2007 her widower Asif Zardari took control 
of the PPP and became President of Pakistan. It is common 
place for Prime Ministers to inaugurate nuclear facilities  
and they are often photographed at nuclear missile tests  
and send public messages of commendation and  
congratulations after such tests.  

The central thrust of most public debate about Pakistan’s 
nuclear weapons is the struggle with India that has shaped 
Pakistan’s history and politics since the two countries were 
formed by the partition of British India into independent 
states. Pakistan’s nuclear weapons are widely seen as a 

response to India’s nuclear weapons and its larger  
conventional military forces, and the experience of wars in 
1947, 1965, 1971, and 1999, and many crises that  
threatened to lead to war. Pakistani fears of Indian  
hegemony have increased in recent years as India’s  
economy has started to grow at a much faster rate than  
Pakistan’s and as India has increased its already much  
larger military budget at a much faster rate. 

The domestic nuclear debate in Pakistan was from time 
to time sensitive to international pressure on Pakistan to 
restrain its nuclear weapons programme. Ever since the 
attacks on the United States in September 2001, the 
United States and most of the outside world has not given 
high priority to confronting Pakistan’s nuclear buildup and 
the nuclear arms race with India. The focus has been on 
maintaining a good relationship with Pakistan’s army seen 
as a vital ally in the war against the Taliban in Afghanistan 
and a check on radical Islamist militancy. Given the situation 
in Afghanistan, and the continued concern about Islamist 
militant groups, this focus is unlikely to change for the 
foreseeable future. 

The underlying dynamics of the Pakistan-India relationship 
may be shifting, however. A longer-term concern now 
driving Pakistan’s nuclear programme is the United States’ 
policy of cultivating a much stronger US strategic relation-
ship with India to counter the rise of China as a potential 
great power competitor.68 India’s relationship with China 
is marked by both growing economic cooperation and 
increasing military competition, while China is becoming a 
closer military, political, and economic partner for Pakistan. 
This four-way relationship will tie the future of Pakistan’s nu-
clear weapons, and those of India, to the emerging contest 
between the United States and China for long-term global 
hegemony, making nuclear restraint and disarmament 
increasing unlikely in South Asia. 
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Russia
Pavel Podvig

The structure and composition of Russia’s nuclear  
forces largely reflect the evolution of the force that was 
created by the Soviet Union during the cold war. Russia 
continues to maintain the strategic triad of land-based  
intercontinental missiles, submarines with sea-launched 
ballistic missiles, and long-range bombers. In addition,  
Russia has kept its arsenal of tactical nuclear weapons, 
which is believed to include weapons that could be de-
ployed on submarines, short- and intermediate-range 
aircraft, and air-defence missiles.

Russia also maintains the infrastructure that was build to 
support operations of nuclear forces – an early-warning 
system that includes satellites and radars, and a command 
and control system that could allow the strategic forces to 
operate in the extreme conditions of a nuclear attack. 
 
 

Status of Russia’s nuclear forces 
According to the most recent New START data exchange, 
in September 2014 Russia had 528 operationally deployed 
strategic launchers that carried 1,643 nuclear warheads.1 
The actual number of delivery systems and warheads in 
the strategic arsenal is somewhat higher, mostly because 
New START does not accurately account for warheads 
associated with strategic bombers. Overall, as of January 
2015, Russia was estimated to have about 1,900 deployed 
warheads in its strategic arsenal. The total number of 
warheads associated with strategic launchers is estimated 
to be 2,300.2 

The number of warheads associated with non-strategic 
delivery systems is somewhat harder to estimate,  
for Russia never disclosed information about its tactical 
nuclear forces. It is believed to have about 2,000  
non-strategic warheads that could be considered 
operational.3 According to Russia’s official statements,  
all these warheads are consolidated at centralised  
storage facilities.4 

In addition to warheads that are associated with 
operationally deployed strategic and non-strategic systems, 
Russia has a substantial number of warheads that are 
awaiting dismantlement. This category is estimated to 
include about 3,500 tactical warheads.5 

These estimates suggest that Russia has a total arsenal 
of about 8,000 nuclear warheads. Non-deployed 
nuclear warheads and the warheads that are awaiting 
dismantlement are stored at centralized facilities managed 
by the 12th Main Directorate of the Ministry of Defence.6 

Russia does not maintain a large stock of reserve inactive 
warheads that could be operationally deployed at a 
relatively short notice. Instead, it has traditionally relied on 
its capability to remanufacture warheads as necessary. It is 
estimated that Russia remanufactures about 200 warheads 
each year.7 

The number of warheads associated with operationally 
deployed strategic and non-strategic systems is unlikely to 
change significantly, since the deployment of new systems 
in the course of strategic modernisation will be balanced by 
withdrawal of old warheads. The total number of warheads 
will probably decline in the coming years as Russia will 
continue its warhead dismantlement programme. The 
current dismantlement rate is believed to be about 400-500 
warheads a year (this number includes warheads that are 
being remanufactured).8 

Russia’s warhead manufacturing capacity is sometimes 
quoted as giving it a capability to quickly increase the 
number of deployed nuclear warheads. While theoretically 
some of this capability does exist, in practice the number 
of warheads that Russia could deploy is determined by the 
availability of delivery vehicles rather than warheads. This 
is particularly true for strategic weapons – the number of 
warheads that Russia declared as operationally deployed 
(1,643 in September 2014) – which is very close to the 
maximum number of warheads that Russia’s deployed 
missiles can carry, so any “surge capacity” that Russia 
may have is quite insignificant.  
 
 

Delivery systems 
Russia maintains the strategic nuclear triad that that was 
build during the Soviet years – land-based intercontinental 
ballistic missiles (ICBMs), strategic nuclear submarines 
with submarine-launched ballistic missiles (SLBMs), and 
long-range bombers. 
 
 

Land-based intercontinental missiles
The Strategic Rocket Forces that operate the ICBM leg 
of the strategic triad historically has been the largest 
component of the Soviet and Russian strategic forces.  
It currently includes 305 operationally deployed  
ballistic missiles of five different types that carry about 
1166 warheads.9 

The oldest ICBMs in the force are liquid-fuel silo based 
missiles that carry multiple independently-targeted reentry 
vehicles (MIRV) – R-36M2 (Western designation SS-18) 
with ten warheads and UR-100NUTTH (SS-19) with six 
warheads. As of the early 2015, the Strategic Rocket 
Forces were estimated to have 46 R-36M2 missiles and 
about 60 missiles of the UR-100NUTTH type. These 
missiles carry about 820 warheads, about a half of all 
Russia’s operationally deployed strategic nuclear warheads. 
In addition, Russia has two types of single-warhead 
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missiles – 72 road-mobile Topol (SS-25) missiles and 78 
missiles of the Topol-M (SS-27) type, which are deployed 
both as road-mobile and as silo-based missiles. In 2010 
Russia also began deployment of a MIRVed version of 
the Topol-M missile. Known as RS-24 Yars, the missile 
is believed to carry up to four independently targeted 
warheads. By 2015, the Strategic Rocket Forces deployed 
49 missiles of this type – 45 road-mobile missiles and 4 
missiles in silos.  

Russia appears to be determined to preserve the leading 
role of land-based ICBMs in its strategic triad. In order to 
do so, it has undertaken a programme to replace the older 
ICBMs that are reaching the end of their service lives –  
SS-18, SS-19, and SS-25 – with missiles of new types, 
mostly Topol-M and RS-24 Yars. Deployment of SS-19 
and SS-25 missiles began in the 1980s, so even though 
their service lives are regularly extended, these ICBMs 
are expected to be withdrawn from service by 2020. The 
currently deployed modification of the SS-18 missile, 
known as R-36M2 or RS-20V, was produced and deployed 
in the late 1980s-early 1990s. It could probably stay in 
service as long as until 2026, provided its service life is 
extended to 33 years, which seems likely.

To replace the SS-18 missile, Russia began development 
of a new “heavy” ICBM, which is known as Sarmat. This 
project is still on the early development stage, although 
the flight tests of the missile are expected to take place 
in 2017. Provided the development work is successful, 
the missile should be ready for deployment after 2020.10 
Like the ICBM it is intended to replace, SS-18, Sarmat will 
probably carry ten warheads and will be deployed in the 
same silos.

As a result of this process, by 2020 Russia’s ICBM force 
will consist of about 46 R-36M2/SS-18 MIRVed silo-based 
missiles (which will be gradually replaced by Sarmat) and 
some 180 Topol-M and RS-24 Yars ICBM, deployed in silos 
and on road-mobile launchers. Some of the RS-24 missiles 
might be deployed on rail-mobile launchers – in 2014 
Russia announced that it will begin development of the  
rail-mobile system, Barguzin.11 

This composition of the force will allow Russia to maintain 
the size of the ICBM leg of the strategic triad at the level of 
about 1000 warheads through at least the mid-2020s.12 The 
Rocket Forces would therefore preserve their status as the 
key component of the strategic triad. 
 
 

Strategic submarines 
As of the beginning of 2015, Russia’s strategic submarine 
force included six Project 667BDRM (Delta IV) submarines, 
two submarines of the older Project 667BDR (Delta III) 
class, and three new Project 955 Borey submarines. Each 
submarine carries 16 SLBMs. Delta IV carries R-29RM 
missiles with four warheads each and Delta III carries 
R-29R missiles with three warheads. Borey submarines are 

built to carry new Bulava solid-propellant SLBMs with six 
warheads per missile. As of 2015, of the three new boats 
of this class, only one had a full complement of the missiles 
– because of the problems encountered by the Bulava 
missile in test flights the production schedule has slipped.

Overall, in the early 2015, Russia had an estimated 
128 deployed SLBMs that were capable of carrying 512  
nuclear warheads.

Submarines of the Delta III/Project 667BDR class are 
currently based at the Pacific fleet base Vilyuchinsk at the 
Kamchatka peninsula. In 2015 they will be joined by two 
new Project 955 Borey submarines.

Most of the Delta IV/Project 667BDRM submarines 
underwent an overhaul in the last decade or so and would 
probably be able to stay in service for additional 10-15 
years. As part of the overhaul the submarines are receiving 
newly manufactured missiles of the R-29RM/SS-N-23 
type. These missiles, known as Sineva, are essentially a 
moderate modification of the original liquid-fuel R-29RM 
missiles that submarines of this class were carrying before 
the overhaul. Russia has also tested a modification of the 
R-29RM Sineva SLBM that can carry up to ten warheads.13 
This version of the missile, known as Liner, could be 
deployed on submarines alongside with the regular 
R-29RM Sineva missiles, increasing the number of SLBM 
warheads if necessary. 

By 2015, Russia has accepted for service three Project 
955 Borey submarines that will be equipped with the 
new Bulava SLBM. This is a significant milestone for the 
programme, which has experienced serious delays from 
the very beginning. The lead submarine of this class, Yuri 
Dolgorukiy, has joined the Northern Fleet. Two submarines 
that followed, Alexander Nevskiy and Vladimir Monomakh, 
will be based in the Pacific. Three more Borey submarines 
are currently under construction – Knyaz  Vladimir 
(laid down in July 2012), Knyaz Oleg (July 2014), and 
Generalissimus Suvorov (December 2014). According to 
the original plan, the total of eight submarines of this class 
will be built by 2020. Each submarine will be equipped with 
16 Bulava missiles that are projected to carry up to six 
warheads each.

Development of the Bulava missile encountered some 
technical problems – it failed in eight out of 12 flight tests 
conducted in 2005–2009. After a series of successful 
tests carried out in 2010–2011, the missile was being 
prepared for deployment when it failed again in a test 
conducted in September 2013, raising questions about 
the reliability of the missile.14 Despite these problems, the 
missile was eventually accepted for service and by the 
end of 2014 enough missiles had been produced to equip 
one submarine. Two submarines are expected to receive 
missiles in 2015. 

The strategic fleet rearmament programme is unlikely 
to significantly increase the size of the SLBM leg of the 
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strategic triad. Taking into account the submarines in 
overhaul, the number of operationally deployed SLBM 
warheads will remain on the level of 400–500 warheads 
 
 

Strategic bombers 
Strategic bombers traditionally played a secondary role 
in Soviet and then Russian nuclear postures. That role 
is unlikely to change in the future – there are no plans to 
do so. The modernisation programme that is currently 
underway is aimed primarily at maintaining the strategic 
bomber force in its current configuration and giving the 
bombers the capability to carry out conventional missions.

In 2015, Russia is estimated to have 66 heavy bombers  
– 11 Tu-160 aircraft and 55 turboprop Tu-95MS. Together, 
these bombers are capable of carrying more than 800 
air-launched cruise missiles, although the actual number of 
cruise missiles that are available for deployment is probably 
somewhat smaller. Most open estimates assume that 
Russia allocates about 200 nuclear warheads to  
its bombers.15 

Most of the currently operational bombers were built in the 
late 1980s, so they are currently undergoing overhaul to 
extend their service life. As part of this process, which is 
expected to take up to 15 years, Tu-160 aircraft receive  
an upgrade of their avionics, which is supposed to equip 
them for missions with conventional high-precision 
munitions. Tu-95MS bombers also receive a moderate 
upgrade, but it appears that they will continue to be 
assigned nuclear missions.16  
 
 

Early warning and command  
and control 
In addition to maintaining the full strategic triad, Russia has 
preserved key elements of the infrastructure that supports 
operations of strategic nuclear forces – the early-warning 
and command and control systems. It also operates a 
missile “defence” system deployed around Moscow  
that is supposed to protect the capital from a limited  
missile attack. 

The early-warning system is designed to include two tiers 
– a network of radars that could detect incoming missiles 
and a constellation of satellites that could provide early 
detection of missile launches. 

In the last decade Russia has initiated an extensive 
programme to build a network of new early-warning radars. 
The new radars are replacing old ones that were built 
during the Soviet time. Most of them were located outside 
of Russia, complicating the operations of the early-warning 
system. By 2015, Russia discontinued the use of all but 
two early-warning radars that are not located in Russia. 
The last two radars – in Belarus and Kazakhstan – will 
eventually be replaced as well. 

There are two types of new early warning radars that 
Russia has been deploying since the mid-2000s –  
Voronezh-M and Voronezh-DM. The first Voronezh-M radar 
was deployed in Lekhtusi (near St.-Petersburg) in 2006. 
Two radars of this type have been built in Mishelevka and 
three more are under construction – in Orsk, Vorkuta, and 
Olenegorsk.17 Two Voronezh-DM radars have been built in 
Armavir at the south of Russia and three more in Barnaul, 
Yeniseysk, and Kaliningrad.

While the modernisation of the radar network has been 
a largely successful programme, replacement of old 
early-warning satellites has encountered significant delay. 
Until recently, Russia has managed to maintain limited 
operations of the old early-warning satellite systems, 
known as US-KS and US-KMO. The US-KS system had a 
capability to detect missile launches form the territory of 
the United States, US-KMO also provided some capability 
to see launches originated elsewhere.18 However, by 2015 
Russia was left with no operational satellites in orbit.19 

Russia has been working on a new space-based system, 
known as EKS, which will provide more reliable coverage of 
all areas of possible missile launches. The new system is 
expected to enter the flight test stage in 2015.20 

The command and control system that provides 
communication between the central command authority 
and individual launchers has been undergoing almost 
continuous modernisation. The currently deployed system 
has been described as a “fifth-generation” system. 
According to the Russian military, this system provides 
the Strategic Rocket Forces not only with the capability 
to control individual launchers, but also with the flexible 
targeting capability.21

The missile “defence” system deployed around Moscow, 
known as A-135, includes the Don-2N battle-management 
radar in Pushkino and 68 short-range interceptors of the 
53T6 (Gazelle) type, deployed in silos at five sites near 
Moscow. In the past, the system also included 32 long-
range interceptors, but they have been withdrawn from the 
system. The interceptors are believed to be equipped with 
nuclear warheads. The system has only a limited capability 
against a ballistic missile attack. According to Soviet 
estimates made at the time the system was being built, 
A-135 is able to intercept one or two “modern ICBMs”.22 
 
 

Fissile materials 
Russia’s stock of weapon-grade materials is far larger 
than it would be necessary to support the current nuclear 
force. At the end of 2014 Russia was estimated to have 
about 128±8 tonnes of weapon-grade plutonium, of which 
88 tonnes is either in weapons or available for military 
purposes. Russia’s stock of highly enriched uranium (HEU) 
was estimated to include about 670±120 tonnes of HEU. 
Of this amount, about 655 tonnes are available for weapons 
and for fueling naval, research, and civilian reactors.23 
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The total amount of weapon-grade plutonium produced in 
Russia is estimated to be 145±8 tonnes. About 17 tonnes 
have been used in nuclear tests or lost in waste or lost 
nuclear warheads.24 Russia shut down most of its plutonium 
production reactors in the early 1990s. Three reactors, 
however, continued to operate until 2008-2010, since they 
provided heat for nearby cities. About 15 tonnes of plutonium 
that have been produced by these reactors after September 
1994 are covered by Russia’s pledge not to use it for military 
purposes. Also, Russia declared 25 tonnes of plutonium from 
its pre-1994 stock as excess to national security needs. This 
material is not available for military purposes as well, leaving 
the potential military stock of 88 tonnes.

The 25 tonnes of excess military plutonium and 9 tonnes 
of the plutonium produced after 1994 will be eliminated 
as part of Russia’s obligations under the US-Russian 
Plutonium Management and Disposition Agreement that 
was finalized in April 2010.25 

The plutonium disposition programme in Russia will 
include elimination of the weapon-grade plutonium in 
fast reactors. Only one of these reactors, BN-600, is 
currently operational. The second one, BN-800, began 
initial operations in 2014. In order to begin the plutonium 
elimination activities, Russia is developing the technology 
to produce plutonium-containing fuel assemblies for the BN 
reactors and to build a facility that will manufacture the fuel.

In addition to the weapon-grade plutonium, as of the end 
of 2013 Russia had 51.9 tonnes of unirradiated separated 
civilian plutonium.26 Virtually all this material is stored at a 
dedicated storage facility at the RT-1 reprocessing plant at 
the Mayak Combine.

The Soviet Union stopped production of highly enriched 
uranium (HEU) in 1988. Before that it had produced about 
1470±120 tonnes of 90% HEU equivalent. About 287 
tonnes of HEU have been used in various applications, 
military as well as civilian.27 In addition to the weapons 
complex, among the largest users of HEU in Russia are 
the submarine fleet, civilian nuclear-powered ships, and 
the two tritium production reactors. Also, Russia operates 
more than 80 research reactors, critical and subcritical 
assemblies that use highly-enriched uranium.28 

There were two major HEU elimination programmes in 
Russia – the US-Russian HEU-LEU deal, also known as 
the Megatons to Megawatts programme, and the Material 
Conversion and Consolidation project. The HEU-LEU 
programme blended down military-origin HEU to produce 
low-enriched uranium that is then used to fuel US nuclear 
reactors. The programme, which began in 1996, eliminated 
500 tonnes of HEU by the end of 2013, when it was 
successfully completed. The Material Conversion and 
Consolidation project is also a joint US-Russian effort. 
It provides Russian research facilities with US financial 
assistance in order to eliminate their stocks of HEU 
by blending it down. It is estimated that as of 2015 the 
programme eliminated about 17 tonnes of HEU.

Most of the military nuclear material that is not in use is 
stored at one of the large storage facilities managed by the 
Rosatom State Corporation. These facilities are located in 
so-called closed cities – Ozersk, Seversk, Zheleznogorsk, 
Sarov, and Snezhinsk.29 The weapon-origin plutonium that 
Russia declared excess to its national security needs has 
been moved to the Fissile Material Storage Facility at 
Mayak, which Russia built with US assistance. 
 
 

Infrastructure 
The work on nuclear weapons development is the 
responsibility of nuclear weapon laboratories that are 
subordinated to the State Corporation Rosatom – the 
All-Russian Scientific Research Institute of Experimental 
Physics (VNIIEF) in Sarov (formerly Arzamas-16) and 
the All-Russian Institute of Technical Physics (VNIITF) 
in Snezhinsk (Chelyabinsk-70). The third laboratory, the 
All-Russian Institute of Automatics (VNIIA) in Moscow, is 
involved in weapon research that does not deal with fissile 
material components. The laboratories also take part in 
civilian research programs.

The weapon laboratories conduct research that allows 
them to maintain the current nuclear arsenal and develop 
new nuclear warheads. In particular, they developed 
warheads for new ballistic missiles that are introduced 
to active service – Sineva, Bulava, RS-24, and Liner. The 
new warheads are reportedly based on the designs that 
were tested before the end of nuclear testing in Russia. To 
support the weapon development process Russia conducts 
subcritical experiments at the nuclear test site at Novaya 
Zemlya and relies on computer models.

In addition to weapon development, Rosatom is responsible 
for all aspects of fissile material production and for  
storage of military-related nuclear material that is not used 
in weapons or in other military applications (e.g. fuel of  
naval reactors).

In the past, Rosatom operated plutonium production 
reactors at the Mayak Plant in Ozersk (Chelyabink-65), 
Siberian Chemical Combine in Seversk (Tomsk-7), and 
the Mining and Chemical Combine in Zheleznogorsk 
(Krasnoyarsk-26). All these reactors have been shut down. 
The chemical reprocessing plants that were extracting 
weapon-grade plutonium from spent fuel of production 
reactors have been either shut down or converted for  
non-military applications.

The Mayak Plant continues to operate two production 
reactors, Ruslan and Lyudmila, that were built to provide 
tritium for the weapon program. Since Russia has plenty 
of tritium from dismantled weapons, these reactors have 
been converted to the production of isotopes for civilian 
purposes. However, they maintain the capability to produce 
tritium if necessary.30 
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Russia’s uranium enrichment complex includes the Urals 
Electrochemical Plant in Novouralsk (Sverdlovsk-44), 
Siberian Chemical Combine in Seversk (Tomsk-7), 
Electrochemical Plant in Zelenogorsk (Krasnoyarsk-45), 
and Electrolyzing Chemical Combine in Angarsk. All these 
facilities operate gaseous centrifuges to enrich uranium. 
With the exception of Angarsk, all of them were involved 
in production of HEU for the military programme, which 
was discontinued in 1988. Today, these enrichment plants 
produce low-enriched uranium for civilian purposes. The 
plant in Zelenogorsk is also producing some highly-enriched 
uranium for non-military applications.31

Russia operates two major warhead assembly and 
dismantlement facilities – the Electrochemical Instrument 
Combine in Lesnoy (Sverdlovsk-45) and the Instrument 
Building Plant in Trekhgorny (Zlatoust-36).32 The plant in 
Lesnoy has the capability to produce and handle HEU 
components for nuclear weapons. Plutonium components 
of nuclear charges are handled at the metallurgical 
facilities of the Mayak Plant, which can also produce 
HEU components. The weapon laboratories, VNIIEF 
and VNIITF, also have small-scale material handling and 
warhead assembly and disassembly facilities. All these 
facilities provide Russia with the capability to maintain its 
current active nuclear arsenal by providing the necessary 
remanufacturing capability.

Development of land-based and sea-based ballistic missiles 
is mostly concentrated in two design bureaus that act as 
primary contractors for a strategic system. The Moscow 
Institute of Thermal Technology (MIT) is the lead design 
organization for solid-propellant ballistic missiles. It has 
developed Topol (SS-25), Topol-M (SS-27), and RS-24 Yars 
ICBMs and the Bulava SLBM. It is also working on a range 
of other projects. The second design bureau, the Makeyev 
State Missile Center in Miass, is the lead developer of 
submarine-launched ballistic missiles. The Center designed 
the R-29R and R-29RM SLBMs that are currently deployed 
on Project 667BDR and Project 667BDRM submarines. 
It also designed the new modifications of the R-29RM 
missile– Sineva and Liner. In 2011, the Makeyev design 
bureau was awarded a contract to develop a new liquid-fuel 
silo-based ICBM, known as Sarmat.

All solid-propellant ballistic missiles are produced at the 
Votkinsk Plant. There are three types of strategic missiles 
that are currently in production – Topol-M and its RS-24 
Yars modification, and Bulava. Liquid-fuel missiles are 
produced at the Krasnoyarsk Machine-Building Plant. 
Today, the plant is manufacturing Sineva and Liner 
modifications of the R-29RM missile. It will be producing 
the Sarmat ICBM as well.

The lead design organisation responsible for development 
of strategic submarines is the Central Design Bureau for 
Marine Engineering “Rubin” in St.-Petersburg. This design 
bureau developed all ballistic missile submarines of the 
Russian Navy – Project 667BD, Project 667BDRM, and 
Project 955. The only class of ballistic missile submarines 

that is currently in production is Project 995 Borey (and its 
modifications). These submarines are built at the Sevmash 
ship-building plant in Severodvinsk.

Strategic bombers that are currently in service – Tu-95MS 
and Tu-160 – were developed by the Tupolev design 
bureau, which remains the leading developer of long-
range bomber aircraft. As of 2011, no new aircraft are 
being produced. However, some planes are undergoing 
modernisation at the Kazan Aviation Plant (Tu-160) or at the 
Taganrog Aviation Plant (Tu-95MS). 
 
 

Modernisation 
The Russian government has not published a full account of 
specific strategic weapons modernisation programmes or 
their cost. Nevertheless, the publicly available information 
allows one to outline the key elements of the strategic 
modernisation effort. 

Rearmament of the ICBM leg of the strategic triad 
concentrates on deployment of multiple-warhead RS-24 
Yars missiles. These ICBMs will replace the currently 
deployed Topol (SS-25) and, to some extent, UR-
100NUTTH (SS-19) missiles. Being a multiple-warhead 
missile, RS-24 allows Russia to keep the number of 
deployed warheads at the relatively high level without the 
need to produce a large number of missiles. At the same 
time, if future arms control agreements would require 
it, Russia could quickly reduce the number of deployed 
warheads without decommissioning its ICBMs.

In addition to the RS-24 deployment, Russia is working on 
a number of other ICBM projects. In 2011 the government 
made a decision to begin development of a new multiple-
warhead liquid-fuel ICBM, Sarmat. The new missile is 
likely to be ready for deployment in 2018, although the 
scale of deployment will be limited – 46 missiles.33 Another 
new ICBM, RS-26, is developed by the Moscow Institute 
of Thermal Technology. While this missile is an ICBM 
for the purposes of New START, it is believed to be an 
intermediate-range missile based on RS-24 Yars.34 Another 
project related to the RS-24 Yars missile is the plan to build 
a rail-mobile system, Barguzin. This system is expected to 
include an RS-24 ICBM.35

At this point, there are no plans to extend modernisation of 
the strategic fleet beyond the planned construction of eight 
Project 955 submarines. Depending on the progress with 
construction of new submarines the six older ships of the 
Project 667BDRM class might stay in service longer than 
previously planned, probably until 2020. If so, they will likely 
to receive the Liner modification of the R-29RM SLBM, 
which could carry up to ten warheads, allowing the navy to 
maintain the number of warheads in the sea-based leg  
of the strategic triad at the level of 400–500 warheads in  
the event of delay with the construction of Project  
955 submarines.
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As far as the strategic aviation is concerned, in the  
next few years Russia will continue an overhaul of its 
current strategic bomber fleet. At the same time, it  
started development of a new-generation strategic  
bomber, known as a PAK DA (Advanced Aviation System 
for the Long-Range Aviation). It is expected that the new 
aircraft will conduct its first flight in 2013 and enter 
service in 2023.36

Russia’s strategic modernisation plans demonstrate that it 
is determined to maintain its strategic nuclear forces and 
to preserve the parity with the United States in the number 
of warheads and delivery systems. Arms control and 
disarmament efforts could change these plans and result in 
a smaller force, but it is likely that most of the reductions 
would be done by reducing the number of deployed 
warheads rather than by eliminating strategic launchers. 
 
 

Economics 
Modernisation of the strategic forces is part of the broader 
rearmament programme that was expected to spend 19 
trillion rubles (about $600 billion at the exchange rate at the 
time) on various military systems in 2011–2020. About 10 
percent of the total funds allocated for rearmament, or 1.9 
trillion rubles, is being spent on the modernisation of the 
strategic forces.

Military spending is one of the largest spending 
categories in Russia’s federal budget. It has been largely 
protected from 10 percent across the board cuts that 
have affected other budget expenditures as a result of 
economic sanctions imposed on Russia in 2014 and the 
economic crisis caused by the fall of the oil price in 2014. 
Nevertheless, the military modernisation budget has come 
under pressure as well. In 2015 Russia was supposed to 
approve a new long-term rearmament programme. This 
programme, initially estimated to cost about 56 trillion 
rubles, was scaled down in 30 billion rubles. Then, as it was 
increasingly clear the budget may not support a program of 
this size, its approval was postponed until 2018.37

Financial constraints could affect the scale of strategic 
modernisation. Although Russia has managed to minimize 
the effects of the economic crisis of the 2008, its economy 
is heavily dependent on export of natural resources, so a 
fall in oil and gas prices has already forced the government 
to reconsider its spending priorities. The sanctions imposed 
on Russia in 2014 after the annexation of Crimea also 
have strong effect on the economic outlook. However, the 
rearmament effort appears to have strong support of the 
political leadership and the public, so significant cuts of the 
modernisation programme are unlikely. This situation may 
change if the political environment in Russia would allow an 
open discussion of government spending priorities and the 
role of nuclear weapons in the national security policy, but 
so far this discussion has been very limited.

International law and doctrine 
The issues related to the legitimacy of nuclear weapons 
under international law are rarely discussed in Russia. The 
official National Security Doctrine, approved in 2009, calls 
for maintaining “strategic stability” and lists strengthening 
Russia’s strategic nuclear forces as one of the priorities of 
the national defence policy. The military doctrine adopted in 
2010 also emphasizes the role of Russia’s nuclear forces 
in maintaining “strategic stability” in the world.38 In 2014, 
Russia adopted a revised version of the doctrine, which left 
the key elements of the 2010 document in place.

Although the official documents do not question Russia’s 
right to possess nuclear weapons, they also recognise 
its responsibilities as a nuclear-armed state party to the 
nuclear Non-Proliferation Treaty (NPT). The national 
security doctrine recognises the goal of building a world 
free of nuclear weapons as part of overall progress  
toward “strategic stability” with equal security for all. 
High priority is also given to nuclear disarmament and to 
nuclear non-proliferation. 

In its military doctrine, Russia reserves the right to use 
nuclear weapons “in response to a use of nuclear or 
other weapons of mass destruction against her and (or) 
her allies, and in a case of an aggression against her with 
conventional weapons that would put in danger the very 
existence of the state.” While this policy assumes the right 
to a first use of nuclear weapons, the range of scenarios 
in which Russia would consider using nuclear weapons is 
somewhat limited. It should be noted that early versions 
of the military doctrine apparently included an option 
of preventive use of nuclear weapons, which was later 
removed from the document.39

As part of the bilateral US-Russian nuclear arms reduction 
process, Russia has substantially reduced its strategic 
nuclear arsenal. Both countries consider these reductions 
to be their contribution toward the goals of article VI of 
the NPT. In addition, Russia periodically reiterates its 
commitment to the US-Russian Presidential Initiatives of 
1992, in which the two countries declared their intent to 
substantially reduce their arsenals of non-strategic nuclear 
weapons. Russia concentrated all its non-strategic nuclear 
weapons at centralised storage facilities on its national 
territory.40 However, Russia has been reluctant to discuss 
legally-binding measures related to its tactical nuclear 
weapons before the United States removes its nuclear 
weapons from Europe. 
 
 

Public discourse 
Public opinion in Russia tends to support the nuclear 
status of the country – according to a poll conducted in 
2006, 76 percent of all the respondents believed that 
Russia “needs nuclear weapons.” More than half of the 
population consider nuclear weapons to be the main 
guarantee of the security of the country and about  30 
percent of respondents believe that nuclear weapons play 
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an important, although not a decisive, role.41 No similar 
research of public attitudes toward nuclear weapons 
has been conducted recently, but it is unlikely that they 
changed in a significant way. 

The public discussion of issues related to nuclear weapons 
reflects these attitudes – their role in providing for the 
security of the country is almost never questioned. To a 
large extent, the lack of critical assessment of the role 
of nuclear weapons is a result of the lack of an open and 
informed discussion of national security priorities and 
policies that would involve independent voices. While  
there are non-governmental research organisations that are 
involved in the discussion of defence policies, there are 
no independent public organisations that have 
nuclear weapons related issues on the agenda. 
Accordingly, the public discussion is focused largely on 
technical issues of US-Russian arms control negotiations 
and nuclear non-proliferation. 

The strategic modernisation programme described 
above is also rarely criticized, despite its very substantial 
cost. The government has presented the programme 
as an essential element of the strategy that would allow 
Russia to maintain its nuclear arsenal and to preserve 
approximate parity with the United States. This strategy, in 
turn, has been described as the only way to preserve the 
sovereignty of the country and its status in international 
affairs. In general, public opinion in Russia tends to view 
favourably the efforts to support the military industry 
and introduce modern equipment to the armed forces. 
Government policy and public attitudes combine to ensure 
that the strategic modernization efforts undertaken by the 
Russian government will continue as one of the high-priority 
programmes that are unlikely to be affected by  
budgetary pressures.

 70



Notes: 
1.	 “New START Treaty Aggregate Numbers of Strategic Offensive Arms,” 1 

October 2014, http://www.state.gov/t/avc/rls/232359.htm.
2.	 “Russian Strategic Nuclear Forces,” http://russianforces.org/; H. M. Kristensen 

and R. S. Norris, “Russian Nuclear Forces, 2014,” Bulletin of the Atomic Scien-
tists 70, no. 2 (3 March 2014): 75–85, doi:10.1177/0096340214523565.

3.	  Kristensen and Norris, “Russian Nuclear Forces, 2014,” op. cit.
4.	 “[A]ll Russian non-strategic nuclear weapons have been withdrawn from 

the territory of the former USSR to Russia and concentrated in the central 
storage facilities.” “Statement by the Delegation of the Russian Federation on 
Article VI of the Treaty on the Non-Proliferation of Nuclear Weapons at the 
Second Session of the Preparatory Committee for the 2010 Non-Proliferation 
Treaty Review Conference,” 28 May 2008, http://ploughshares.ca/wp-content/
uploads/2009/05/Russia08-2.pdf.

5.	 Kristensen and Norris, “Russian Nuclear Forces, 2014,” op. cit.
6.	  Global Fissile Material Report 2009: A Path to Nuclear Disarmament. Fourth 

Annual Report of the International Panel on Fissile Materials, International 
Panel on Fissile Materials, 2009, pp. 135–137, http://ipfmlibrary.org/gfmr09.
pdf.

7.	    Global Fissile Material Report 2011: Nuclear Weapon and Fissile Material 
Stockpiles and Production, International Panel on Fissile Materials, 2011, p. 5, 
http://ipfmlibrary.org/gfmr11.pdf.

8.	   Ibid.
9.	 Russia has not made public its part of the New START data exchange, so 

these numbers are estimates based on the publicly available information. 
This estimate assumes that the composition of the Strategic Rocket Forces is 
as follows: R-36M2 - 46 missiles, UR-100NUTTH - 60, Topol - 72, Topol-M 
(silo and road-mobile)  - 78, RS-24 - 49. “Strategic Rocket Forces - Russian 
Strategic Nuclear Forces,” accessed 25 February 2015, http://russianforces.
org/missiles/.

10.	 “Sarmat Tests to Begin in 2015 - Blog - Russian Strategic Nuclear Forces,” 
accessed 26 January 2015, http://russianforces.org/blog/2015/01/sarmat_
tests_to_begin_in_2015.shtml.

11.	 “Rail-Mobile ICBM, Barguzin, Gets a Green Light - Blog - Russian Strategic 
Nuclear Forces,”, 17 December 2014, http://russianforces.org/blog/2014/12/
rail-mobile_icbm_barguzin_gets.shtml.

12.	 This assumes that 50 R-36M2 or Sarmat missiles will carry 500 warheads, 78 
Topol-Ms - 78 warheads, and about 100 RS-24 - 400 warheads.

13.	 “Liner SLBM Explained - Blog - Russian Strategic Nuclear Forces,” 4 October 
2011, http://russianforces.org/blog/2011/10/liner_slbm_explained.shtml.

14.	 “Bulava Missile Test History,” accessed 26 February 2015, http://russianforces.
org/navy/slbms/bulava.shtml.

15.	 Kristensen and Norris, “Russian Nuclear Forces, 2014.,” op. cit.
16.	 Alexander Stukalin, “Bears and Blackjacks Are Back. What Next?,” Moscow 

Defense Brief 26, no. 4 (2011), http://mdb.cast.ru/mdb/4-2010/item4/article1/.
17.	 “Four Early-Warning Radars Began Combat Duty in 2014 - Blog - Russian 

Strategic Nuclear Forces,” 19 December 2014, http://russianforces.org/
blog/2014/12/four_early-warning_radars_bega.shtml.

18.	 Pavel Podvig, “History and the Current Status of the Russian Early-Warning 
System,” Science & Global Security 10, no. 1 (2002): 21–60.

19.	 “Russia Lost All Its Early-Warning Satellites - Blog - Russian Strategic Nuclear 
Forces,” accessed 11 February 2015, http://russianforces.org/blog/2015/02/
russia_lost_all_its_early-warn.shtml.

20.	  Ibid.
21.	 “Rocket Forces to Deploy Fifth-Generation Command and Control System - 

Blog - Russian Strategic Nuclear Forces,” 4 July 2013, http://russianforces.org/
blog/2013/07/rocket_forces_to_deploy_fifth-.shtml.

22.	 “Very Modest Expectations: Performance of Moscow Missile Defense - Blog - 
Russian Strategic Nuclear Forces,” 23 October 2013, http://russianforces.org/
blog/2012/10/very_modest_expectations_sovie.shtml.

23.	 Global Fissile Material Report 2013: Increasing Transparency of Nuclear War-
head and Fissile Material Stocks as a Step toward Disarmament, International 
Panel on Fissile Materials, 2013, http://ipfmlibrary.org/gfmr13.pdf.

24.	 Anatoli Diakov, “The History of Plutonium Production in Russia,” Science & 
Global Security 19, no. 1 (2011): 28–45.

25.	 Pavel Podvig, “U.S.-Russian Plutonium Management Disposition Agreement,” 
IPFM Blog, 11 May 2010, http://fissilematerials.org/blog/2010/05/us-rus-
sian_plutonium_mana.html.

26.	 INFCIRC/549/Add.9/16. Communication Received from the Russian Federa-
tion Concerning Its Policies Regarding the Management of Plutonium, Interna-
tional Atomic Energy Agency, 6 October 2014).

27.	 Pavel Podvig, “History of Highly Enriched Uranium Production in Russia,” 
Science & Global Security 19, no. 1 (2011): 46–67. 
 
 

28.	 Pavel Podvig, “Approaches to Reducing the Use of Highly-Enriched Uranium 
for Research in Russia,” Submitted for presentation at the 2013 Annual Meet-
ing of the Institute of Nuclear Material Management.

29.	 Pavel Podvig, Consolidating Fissile Materials in Russia’s Nuclear Complex, 
IPFM Research Report #7, International Panel on Fissile Materials, May 2009.

30.	 Ibid., p. 10.
31.	 “Russia Launches HEU Production Line - IPFM Blog,” 29 October 2012, 

http://fissilematerials.org/blog/2012/10/russia_launches_heu_produ.html.
32.	 Two other major warhead assembly facilities - the Avangard Plant in Sarov/

Arzamas-16 and the Start Production Association in Zarechny/Penza-19 - 
have been shut down. Pavel Podvig, Consolidating Fissile Materials in Russia’s 
Nuclear Complex, op. cit.

33.	 “Sarmat Deployment Plans - Blog - Russian Strategic Nuclear Forces,” 27 
December 2014, http://russianforces.org/blog/2014/12/sarmat_deploy-
ment_plans.shtml.

34.	 18 December 2013, http://russianforces.org/blog/2013/12/more_news_
about_rs-26_missile.shtml.

35.	 “Rail-Mobile ICBM, Barguzin, Gets a Green Light - Blog - Russian Strategic 
Nuclear Forces,” 17 December 2014, http://russianforces.org/blog/2014/12/
rail-mobile_icbm_barguzin_gets.shtml.

36.	 “Plans for the New Strategic Bomber - Blog - Russian Strategic Nuclear 
Forces,” 22 May 2014, http://russianforces.org/blog/2014/05/plans_for_the_
new_strategic_bo.shtml.

37.	 Дмитрий Бутрин and Иван Сафронов, “Вооружения вступили в бой с 
возражениями,” Газета “Коммерсантъ,” 19 February 2015.

38.	 “Военная Доктрина Российской Федерации 5 Февраля 2010 Года,” 5 
February 2010, http://news.kremlin.ru/ref_notes/461.

39.	 Pavel Podvig, “Instrumental Influences,” The Nonproliferation Review 18, no. 1 
(2011): 39–50, doi:10.1080/10736700.2011.549170.

40.	 “Statement by the Delegation of the Russian Federation on Article VI of the 
Treaty on the Non-Proliferation of Nuclear Weapons at the Second Session 
of the Preparatory Committee for the 2010 Non-Proliferation Treaty Review 
Conference,” 2013.

41.	 Ildar Akhtamzyan, Opinion Poll “Attitudes in the Russsian Federation towards 
WMD Proliferation and Terrorism,” PIR Center Report, Moscow: Human 
Rights Publishers, 2006, pp. 16–17.

 71



United Kingdom
John Ainslie1

Status of the United Kingdom’s  
nuclear forces 
In September 2010, the UK government announced that 
it had “not more than 225” Trident nuclear warheads and 
that this would be reduced to “not more than 180” by the 
mid 2020s.2 120 of these warheads were “operationally 
available” as of January 2015.3 

The UK Trident warhead contains a mixture of UK and US 
elements. The high explosive in the warhead is British.4 
Three key components are supplied from the US.5 They 
are parts of the US W76 warhead. In 1978 and 1979 the 
UK conducted nuclear tests to develop a small high-yield 
warhead design.6 The UK then received information on the 
W76 design from the US in August 1980.7 The final design 
probably combines US and UK features. The yield is 
likely to be similar to the W76, i.e. around 100 kilotons.  
A lower-yield variant of this warhead has also been 
produced. 8 The number of lower-yield warheads is not 
known, but these are likely to constitute only a small 
proportion of the stockpile 
 
 

Delivery systems 
The UK’s only delivery system is the US-built Trident 
D5 missile. There are four Vanguard class submarines. 
Normally three of these are armed with Trident missiles 
and the fourth is in refit.9  Each armed submarine carries 40 
nuclear warheads. 10 These are deployed on eight missiles. 
 
 

Fissile materials 
Calder Hall and Chapelcross power stations produced 
over 1 tonne of weapons grade plutonium for the Trident 
programme between 1985 and 1995.11 When the UK 
ceased production in 1995, the stockpile of military 
plutonium was 3.5 tonnes. In 1999 the MoD placed 
0.3 tonnes of weapons grade plutonium under international 
safeguards, leaving 3.2 tonnes not subject to these 
safeguards.12 

In 2002 the UK had a stockpile of 21.64 tonnes of highly 
enriched uranium (HEU).13 Some of this has come from  
the US. The UK produced between four and five tonnes  
of HEU at Capenhurst between 1954 and 1962.14 This 
implies that the UK procured an additional 21–22 tonnes 
of HEU from the US between 1964 and 2002.15 A 
large proportion of the HEU stock will be in the form of 
submarine reactor fuel. 

Infrastructure 
Nuclear warheads are developed and manufactured at  
the Atomic Weapons Establishment (AWE) sites of  
Aldermaston and Burghfield in Berkshire. The work at  
Aldermaston includes the production of plutonium, HEU, 
and Berylium components and research into warhead  
design. Warheads are assembled and disassembled  
at Burghfield.

Vanguard class submarines operate from HM Clyde Naval 
Base, 25 miles from Glasgow, Scotland’s largest city.  
The base includes a submarine facility, Faslane, and a 
nuclear weapons depot, Coulport. Submarines are built at 
Barrow in Furness. The fuel cores for naval reactors 
are manufactured by Rolls Royce in Derby. There 
is normally one Vanguard class submarine in refit at 
Devonport dockyard. 

Rolls Royce operates a prototype submarine reactor 
at HMS Vulcan, Dounreay. It is planning to close down 
this reactor in 2015.16 In 2012 a fuel core problem was 
identified in the prototype reactor. 
The nuclear firing chain is a substantial element of the 
infrastructure for Trident.17 The key facilities are: (1) the 
Nuclear Operations and Targeting Centre, underneath the 
MoD Main Building in Whitehall, London; (2) Commander 
Task Force 345, at the Permanent Joint Headquarters, 
Northwood, Middlesex; and (3) Corsham Computer 
Centre, a deep underground bunker in Wiltshire that 
processes the UK’s fire control and targeting software.  
The primary way to send launch instructions to submarines 
is through two Very Low Frequency transmitters at Skelton 
and Anthorn in Cumbria.

The Strategic Weapons System Integrated Project Team 
(SWS IPT) at Abbey Wood in Bristol manages the  
Trident programme and the projects to modernise UK 
nuclear forces.  
 
 

Modernisation 
In December 2006 President Bush wrote to Prime Minister 
Blair, agreeing to support the British nuclear weapon 
programme. Bush referred to “the steps outlined in your 
letter to maintain and modernize the U.K.’s capability in this 
area for the longer term.”18

Warhead Modification Program (Mk4A)
A significant program is underway to modify the Trident 
warhead that is currently in service. In 2006 the UK 
Government said “the existing nuclear warhead design 
will last into the 2020s.”19 The December 2014 update to 
parliament on the future of the nuclear deterrent said “the 
current warhead ...  is planned to remain in service into the 
2040s.”20 This indicates that the UK has decided to extend 
the life of the current warhead by around 20 years. This will 
require a significant refurbishment project.  
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The government has been reticent about the existence 
of the warhead modification programme and has told 
Members of Parliament that it is not possible to identify 
how much it costs.21 However, there are several references 
to the project in official documents. Annual reports from 
the Defence Nuclear Environmental and Safety Board 
in 2006–2008 referred to a “Warhead Modification” 
program.22 In 2007 a lists of MOD projects included 
“Mk4A refurbishment programme”. This was later renamed 
“Nuclear Weapons Mk4A”.23 

The work is being carried out under the wider “Nuclear 
Warhead Capability Sustainment Programme”.  The aims 
of this programme include delivering and sustaining “the 
capability to underwrite the UK stockpile now and in 
the future including transition to Mk4A” and developing 
and delivering “the UK stockpile to the Mk4A warhead 
(production, skills, science) approved design.”24 

The Safety Review of the Atomic Weapons Establishment 
for 2013 refers to “Mk4A assessment” and “Mk4A 
operations” as key future activities.25 A 2014 report from 
the Office of Nuclear Regulation (ONR) said, “The United 
Kingdom (UK) Ministry of Defence (MoD) and AWE plc 
have decided to implement the existing warhead service life 
modifications.”26 The first phase of this programme involves 
adapting warhead surveillance systems at the Burghfield 
assembly facility.  Changes will be made to “procedures, 
tooling, equipment, commissioning and operator training”.27

The UK warhead modification project is similar to the 
US Mk4A / W76-1 upgrade.  A senior staff engineer 
at Lockheed Martin in California is responsible for 
planning, coordinating, and executing the development 
and production of “UK Trident Mk4A Reentry Systems 
as part of the UK Trident Weapon System Life Extension 
program.”28  A common component of the US and UK 
programmes is a new Mk4A Arming, Fuzing, and Firing 
(AF&F) system which is manufactured in the US. 

The original US W76-0/Mk4 warhead was designed for 
deployment on the relatively inaccurate C4 missile against 
a limited range of types of targets.29 The Mk4A AF&F 
was developed so that warheads on D5 missiles would 
be effective against hardened targets.30 The draft military 
characteristics for Mk4A include “near surface burst,” 
which was not an option for Mk4.31 A 1994 report indicated 
that the proposed D5/Mk4A combination would be 
effective against a wide range of targets, including SS-11 
missile silos.32

The UK Trident warhead includes a Gas Transfer System 
(GTS). The GTS stores tritium and injects it into the 
plutonium pit. The GTS in UK warheads are manufactured 
in the US. The UK modification programme will almost 
certainly include replacing the GTS with a new design, 
Acorn II, which is part of the US W76-1 upgrade.  The new 
GTS is likely to improve the performance of the warhead. 33

A significant component of the US W76-1 upgrade is the 
refurbishment of the fusion part of the nuclear warhead, 
the secondary. A declassified Sandia National Laboratory 
report, written in 2001, shows that there are several 
problems, including corrosion, with the W76 secondary.34  
Aldermaston has worked closely with the US laboratories 
on research into Uranium corrosion, the problem which lies 
behind the upgrade to the secondary. It is likely that the 
secondary and radiation case of the UK warhead will be 
refurbished in order to extend their life into the 2040s. 

In March 2011 Sandia National Laboratory announced that 
it had conducted “the first W76-1 United Kingdom trials 
test” at their Weapons Evaluation and Test Laboratory 
(WETL) and that this had “provided qualification data critical 
to the UK implementation of the W76-1.”35 One of the 
centrifuges in WETL simulates the ballistic trajectory of the 
W76/Mk4 submarine-launched reentry-vehicle.36 
 
 

New warhead 
The modified warhead would only be in service for the initial 
part of the projected life of the new successor submarine. 
On 29 June 2007 David Gould, the senior official 
responsible for defence procurement, told an Industry  
Day meeting that their plan was “to replace the entire 
Vanguard Class submarine system. Including the warhead 
and missile.”37 

The 2014 update to parliament on the future nuclear 
deterrent said “a decision on whether to replace the existing 
warhead will not be required until the next Parliament.”38 This 
places the decision between 2015 and 2020. A more precise 
date was given in 2010 by the Defence Minister Liam Fox, 
who said “We don’t have to think about new warheads until 
2019.”39  The 2014 update says that it would take 17 years to 
develop a new warhead. This suggests that a new warhead 
could be in service in 2036.

The Nuclear Warhead Capability Sustainment Programme 
provides the extensive range of facilities which would be 
required to design and build a new warhead.  One of the 
aims of the programme is “to have the capability required 
for a future warhead if required.”40 It also sustains the 
expertise needed. In 2006 Clive Marsh, Chief Scientist at 
AWE, said that most of their research and development 
work at the establishment focused on design capabilities, 
including the potential to develop a successor, as distinct 
from supporting the current warhead.41

There are a number of signs which indicate that AWE 
is not just sustaining generic capabilities for warhead 
development, but that it is developing designs as options 
for a successor warhead. The MoD set up a Warhead 
Pre-Concepts Working Group.42 AWE is the Coordinating 
Design Organisation for “potential successor warhead 
candidates”.43 There is a directorate within AWE 
responsible for work on the Successor, separate from 
other directorates which deal with Trident and Capability.44 
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Owen Price, a senior official at AWE, said the 
Establishment has been increasing the range of tasks that 
it can carry out, in order to improve its ability to design and 
build a new warhead.45 He highlighted systems engineering 
and warhead integration as two critical capabilities AWE will 
need to develop for a successor warhead programme.46 

Three areas where AWE is working on new designs are 
AF&F, Gas Transfer Systems, and Neutron Generators.

The UK is developing an AF&F for a successor warhead. 
This is a joint AWE, US Air Force, and US Navy initiative. 
The goal is “the development of a joint arming, fuzing, and 
firing system for application to the Air Force Mk12A, the 
Navy Mk5 and a UK re-entry system.”47 This is related 
to UK successor warhead designs of a specific size.48 
A joint working group of US Navy, US Air Force, and 
British engineers leads the work.49 AWE is producing 
Demonstrators to test new AF&F concepts in laboratory 
conditions and in a relevant environment.50 They are 
developing electronics,51 circuit boards,52 High Integrity 
Software and Hardware,53 firing sets,54 and capacitors55  
for AF&Fs. The engineers designing these components 
are expected to spend some of their time working in 
the US.56 Likewise, their American counterparts at 
Sandia National Laboratory have been told they will be 
collaborating with AWE.57

AWE is developing new GTS for a successor warhead. 
They are working on “designs of hydrogen storage and 
delivery systems for possible future warheads”.58 The 
establishment has recruited staff to design new GTS 
and to test the new models in the UK and US.59 
Researchers are developing new pressure vessels and 
joining technologies.60 AWE is working with two 
American laboratories, Sandia and Los Alamos, to design 
“long-life GTS”.61 The laboratories have shared their 
advanced designs for GTS valves. 

AWE recruited engineers and scientists, between 2006 
and 2011, to develop new neutron generators and their 
components.62 In 2008 the Establishment was developing 
“novel neutron tube” designs for neutron generators in 
collaboration with the US.63   
 
 

Missile system life extension 
The US Strategic Systems Program (SSP) is extending 
the life of the D5 Trident weapon system. They are updating 
all the Trident subsystems: launcher, navigation, fire control, 
guidance, missile, and re‑entry.64 All of these modernization 
measures apply to the system deployed on British 
submarines. In December 2006, US President Bush wrote 
to Prime Minister Blair, saying, “We will work to ensure that 
the necessary components of the overall system are made 
available to the United Kingdom to support life-extended 
D5 missiles.”65 One US contract in November 2014 refers 
to the “UK VANGUARD Class SSBN Work Planning 
Document for Trident II SWS Modernization”.66

The US Navy plans to carry out the first operational test 
of the Life Extended missile (D5 LE) in October 2018.67 A 
graph in the 2006 report on the future of the UK nuclear 
deterrent suggests that the Trident D5 LE missile will enter 
service with the Royal Navy around 2020. 

A key part of the D5LE program is the development, 
by Charles Stark Draper Laboratory, of a new guidance 
system, Mk6LE.68 Draper is replacing the gyroscope, 
accelerometer, and stellar camera in the guidance module.69 
Mk6LE will be more flexible and easier to upgrade than 
the current Mk6 unit.70 The new guidance system will be 
able to “support new missions”.71 It will “allow for mission 
adaptability”.72 Draper has, over several decades, improved 
the performance of missile guidance systems. The effect 
has been to make each new generation of ballistic missiles 
more accurate than the last. Its development of the Mk6LE 
is a continuation of this trend.73 The combination of new 
hardware and software in this advanced guidance system 
will improve the capability of the D5 missile.

The Mk98 Fire Control System (FCS) controls the 
launch of Trident missiles. In 2002/03 the US supplied an 
upgraded Mod 5 FCS to the UK Trident fleet.74 This meant 
that the missiles could be more rapidly retargeted.75 The 
FCS was further modified to Mod 7 in 2011.76 General 
Dynamics Advanced Information Systems (GDAIS) are 
now designing the next upgrade, Mod 9.77 This will operate 
alongside the new Mk6LE missile guidance system.78

The navigation system provides information on the exact 
position of the submarine and is critical for the performance 
of Trident. The US Strategic Systems Program is upgrading 
the Electro Static Gyro Navigation (ESGN) system on 
British and American Trident submarines. 79 

The Reentry Bodies on a Trident missile are spun off 
the Post Boost Control Vehicle by a Release Assembly. 
Lockheed Martin has developed a new Alternate Release 
Assembly (ARA). Tests on the ARA were carried out in 
2011 and 2012.  A 2014 contract for components of the 
Trident missile system includes the provision of “hardware 
to support the United Kingdom’s ARA system”.80 This 
indicates that the new ARA will be introduced onto Trident 
missiles in service with the Royal Navy over the next 
few years. 
 
 

New missile 
The intention is that the UK successor submarine will 
remain in service until the 2060s and the US Ohio 
replacement will be operational until the 2080s. The 
Life Extension programme for D5 will only sustain this 
missile until the early 2040s. D5 will not be available for 
most of the intended lives of the new submarines. The 
UK government has acknowledged that “investment in a 
replacement ballistic missile would eventually be needed.”81 
Rear Admiral Benedict, head of the US Strategic Systems 
Program, has said “This is not a decision we can postpone 
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through 2020-2030 – this is a near-term decision that will 
affect sustainment and recapitalization.”82 
 
 

Successor submarine 
Approval for initial work on a new nuclear-armed submarine 
was given in 2007. The “Main Gate” decision, to proceed 
further with the project and to place the main construction 
contracts, is due to be made in early 2016.

£4,181 million is being spent on the new submarines 
prior to the Main Gate decision. This initial expenditure is 
on design work, development of a new reactor, and the 
purchase of “long lead” items for the first two submarines.

The successor submarine will be powered by a new 
reactor, PWR3. The design of the new plant is heavily 
dependent on “a high level of technology transfer from the 
US”.83 A review of the PWR3 design was due at the end of 
2014. This was expected to mark the design freeze of the 
reactor plant.84 The first PWR3 reactor is due to be built by 
Rolls Royce by 2023.85 The design has a passive cooling 
system. This is the most significant change in reactor 
design that the MOD has ever made. The MOD failed to 
anticipate how difficult it would be to recruit a sufficient 
number of qualified engineers to design and produce the 
new reactor. As a result, the estimated cost of developing 
the new reactor increased by £151 million in 2014.86 A 
contract has been placed for the design and production of  
a new fuel core, core J, for the reactor in the first 
successor submarine.

The US Navy was working with the Royal Navy in a joint 
research programme, from FY2010 to FY2014, to reduce 
the electromagnetic signatures of the UK Successor and 
US Ohio Replacement submarines.87 This, along with the 
reduced noise-signature of the PWR3 reactor, will mean 
that the new submarines will be more difficult to detect than 
current vessels. This is an enhancement of capability.

In October 2014 General Dynamics Electric Boat was 
awarded a contract for $59 million to build 12 missile 
tubes for the first successor class submarine. Until then 
the UK government had stressed that its intention was 
to reduce the number of operational missiles carried on 
each submarine to eight. It had not always made it clear 
that the new submarines might have an additional four 
empty missile tubes. For example on 19 October 2010 
John Duncan, the British ambassador for multilateral arms 
control and disarmament, told the UN General Assembly’s 
First Committee that Britain would "configure the next 
generation of submarines with only eight operational 
missile tubes.”88 

By building the submarines with four extra missile tubes, 
the UK is leaving open the possibility that a future 
government could increase the firepower of the nuclear 
fleet by 50%. The approach taken today may echo that 
adopted in the 1980s, when the government decided that 

Trident submarines would only need to carry 12 missiles 
when they entered service but ordered that Vanguard class 
submarines should be built with 16 launch tubes in case a 
future government wanted to add more missiles later.89 

The missile tubes are part of the Common Missile 
Compartment (CMC), which is being developed in the US for 
both US and UK submarines.  Some of the work in the US 
on CMC is specifically for the UK successor submarine.90 

The decision on whether three or four submarines will 
be built will be taken in 2016. The government’s planning 
assumption is that there will be four.91 This is reflected in 
the missile tube order. The US Navy issued a press release 
indicating that General Dynamics expect to build a total of 
48 missile tubes for 4 UK submarines.92 Tubes for the later 
submarines may be included as options in the contract.  

The first successor submarine is due to enter service 
in 2028. The Audit Office report says that the new 
submarines are expected to have a 25 year life with the 
option of at least a five year extension. However this 
probably understates the projected life of the new vessels. 
One advantage of the PWR3 reactor is that it would enable 
the successor submarine to remain in service for longer 
than the current Vanguard class. A presentation from 
Babcock Marine says that the new submarines will be in 
service until 2067.93 
 
 

Infrastructure 

Atomic Weapons Establishment 
The Atomic Weapons Establishment (AWE) designs and 
manufactures the UK’s nuclear weapons at Aldermaston 
and Burghfield in Berkshire.  The government has a large 
programme to rebuild or refurbish most of the facilities 
at these sites. This work is part of the Nuclear Warhead 
Capability Sustainment Program which began in 2005 
and is due to continue until 2025.  The budget for this 
program is £21,884 million.94 Over 40 % of the expenditure 
is for capital projects.95 In 2007 Nick Bennet, Director of 
Strategic Technologies in the MoD, said that the NWCSP 
included “some 100 facility schemes focused at AWE over 
the next 20 years.”96

The UK government has tried to separate this project 
from the Trident replacement programme. For example, 
in November 2005 the MoD told the House of Commons 
Defence Committee, “This additional investment at AWE is 
required to sustain the existing warhead stockpile in-service 
irrespective of decisions on any successor warhead.”97 

Owen Price of AWE has questioned whether the 
rebuilding work can really be separated from the design 
and production of a new warhead. He noted that “in the 
absence of this funding, it might be reasonable to assume 
that intellectual and infrastructure capabilities future options 
would have been more limited or less credible.”98
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In 2002 AWE was considering whether to build a new 
warhead assembly/disassembly facility at Aldermaston 
rather than Burghfield.  One reason it did not locate the 
building at Aldermaston was that “there might not be 
sufficient room at Aldermaston to accommodate facilities 
for a successor programme as well as Trident.”99 This 
suggests that at least some of the new facilities are 
specifically required for a new warhead.

The plutonium pits for warheads are manufactured in 
building A90 at Aldermaston. This is being refurbished 
at a cost of £272 million. A90 is a replica of facility PF-4 
at Los Alamos Nuclear Laboratory in the United States. 
There is close liaison with the US site over manufacturing 
techniques and upgrading work.

Highly enriched uranium (HEU) components are currently 
produced in building A45. In 2011 AWE were planning to 
spend £32 million on an upgrade to this facility. In August 
2012 corrosion was found in structural steelwork in the 
building and it was closed pending repairs which are due to 
be completed in May 2015.100

A new Enriched Uranium Facility (EUF) is under 
construction. The new complex, Project Pegasus, will 
manufacture, process, and store HEU components for 
warheads. It is critical for the UK’s capacity to build new 
warheads. One of its aims is to “undertake the specialised 
chemical and metallurgical operations needed to 
manufacture enriched uranium components for successor 
warheads to Trident, should they be built.”101

AWE has liaised with its US counterparts over the 
development of the equivalent American plant, the 
Uranium Processing Facility. The US plant will manufacture 
and assemble the fusion stage and the radiation case 
of warheads. The EUF will probably produce the same 
components.  It will also carry out the initial fabrication of 
fuel rods for nuclear-powered submarines.102

The EUF was due to be completed in 2018.  The start of 
the project was delayed due to concerns from the Office of 
Nuclear Regulation. In 2014 the MOD was reviewing the 
project after concerns that the cost, thought to be around 
£634 million, was spiralling out of control.103

Trident nuclear warheads are currently assembled and 
disassembled in a complex at AWE Burghfield which has 
four “Gravel Gertie” assembly bays.  A new facility, with a 
similar production capacity, is under construction at a cost 
of around £700 million. This has four assembly chambers 
each of which is surrounded by double walls. The new 
building, Project Mensa, is due to be completed in 2015.
A High Explosives Fabrication Facility (Circinus) and 
a substantial office complex (Gemini) have also been 
completed at Aldermaston. One new component 
manufacturing facility (Leo) at Burghfield became 
operational in 2011 and a second (Phoenix) was due to  
be been completed in 2014.

A new laser facility, Orion, became fully operational in April 
2013.  Although the Orion laser is available for academic 
research, 85% of the facilities’ time is allocated to support 
for the nuclear weapons’ programme.104 The laser conducts 
high energy density physics experiments to support AWE’s 
warhead certification programme.105 High Energy Density 
Physics research at Aldermaston is “typically in support 
of secondary physics”.106 Orion will be able to simulate, 
for a fraction of a second, the intense heat and extreme 
pressures that are experienced during the fusion stage of 
a thermonuclear explosion.107 Under an agreement signed 
in 2014 the UK and France will share use of Orion and the 
new French Megajoule laser which is under construction.108

A Technology Development Centre is under construction, 
adjacent to the existing hydrodynamic test facilities at 
Aldermaston.  The new centre will provide “a capability for 
undertaking research and development into x-ray and other 
diagnostic techniques in support of future hydrodynamic 
experiments to be undertaken within the Epuré facility 
located in Valduc.”109 The key equipment in the centre 
will be an Inductive Voltage Adder (IVA) x-ray machine. 
Components of the IVA have been built in the US and will 
be assembled in the new centre at Aldermaston.110 Epuré 
is due to be operational for British purposes in 2016, using 
a French x-ray machine. Aldermaston will develop a second 
x-ray machine for Epuré by 2019 and a third by 2022.

AWE operates several of the most powerful 
supercomputers in the UK. In 2010 AWE ordered 
Blackthorn and Willow computers which have a combined 
performance of 721 Teraflops (trillion calculations per 
second).111 There was a further jump in AWE’s computing 
power in January 2014 when three SGI ICE X computers 
were installed. These will have a combined performance 
of 1.8 Petaflops (thousand trillion calculations per 
second).112 AWE’s supercomputers are used to “simulate 
and understand the science of nuclear explosions.”113 The 
move to Petaflop computing will enhance the UK’s ability to 
modernise existing warheads and to design new ones. 
 
 

Other infrastructure 
The 2006 White Paper said that the government expected 
to spend £2–3 billion, at 2006 prices, on infrastructure over 
the life of the successor submarine.114 The 2010 defence 
review indicated that the government “agreed to defer and 
potentially to remove over £1 billion of future spending  
on infrastructure over the next 10 years.”115 The  
postponement was for a period of ten years.116 The  
submarine infrastructure facilities at Faslane, Coulport, 
and Devonport each have a projected lifespan of 40 years. 
The MoD plans to extend the life of these facilities to keep 
them operational until 2040.117 Its plans for the sustaining 
this infrastructure until the 2060s are not clear. 

The construction of new facilities at Barrow, where the 
successor submarine will be built, was brought forward 
in 2014. This has increased by around £300 million, the 
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amount which is due to be spent before the Main 
Gate decision.

The UK government is spending £1,255 million on the 
Core Production Capability project.118 Rolls Royce is 
building a new facility to develop and build the fuel cores 
for submarine reactors at Raynesway in Derby. The project 
is to be completed by 2022.  This project is critical for the 
successor submarine programme. Core J1, the fuel core 
for the first successor submarine, is also funded under  
this project. 

There were initial proposals to modernize the Nuclear 
Command and Control system or “Nuclear Firing Chain”. 
In November 2010 the Defence Minister announced that 
these plans had been postponed for ten years and might  
be cancelled.119  
 
 

Timelines 
Upgrade of nuclear warhead to Mk4A – 2015-2025 
Decision on new warhead – 2019 
New warhead in service – 2036
D5 LE missile in service with Royal Navy – 2020 
New missile in service – 2040
Main gate decision on successor submarine – 2016 
First successor submarine in service – 2028 
End of life of successor submarine – 2067
Completion of Nuclear Warhead Capability Sustainment 
Program at AWE – 2025 
Completion of Core Producion Capability – 2022 
Faslane shiplift, Coulport Explosive Handling Jetty and 
Devonport Dry Dock – Life extended until 2040 
 
 

Economics 
Production of the successor submarine is estimated to cost 
around £25 billion.120 In 2007 the running costs of the new 
system were projected to be £1.5 billion.121 On this basis, 
the total operating costs for the planned 39-year lifespan 
would be £59 billion.  A large part of the £21 billion Nuclear 
Warhead Capability Sustainment Program should also be 
considered as part of the true costs of Trident replacement. 
The total through-life costs of Trident replacement are 
likely to be in the region of £100 billion. Former Defence 
Minister, Nick Harvey, suggested that this was a minimum 
amount, saying, “I would have thought that £100 billion  
is the very least it would cost. I would take a private guess 
that the quantum would in fact be well in excess of  
that figure.”122

There have been substantial reductions in some areas of 
the UK’s defence budget, including army personnel. In 
December 2013 the Chief of Defence Staff, General Nick 
Houghton, argued that the MoD would have to live with 
future cuts. He said it should move away from spending 
huge amounts on “exquisite technology” for large-scale 
conflict and focus instead on maintaining adequate levels 

of personnel and developing new equipment that is 
appropriate to current and future threats.123

A further round of budget cuts is expected between 2015 
and 2020. In December 2014 the Institute of Fiscal Studies 
(IFS) argued that cuts of 22% overall might be required. 
Some areas of funding (health, education, and overseas 
aid) are protected. As a result the IFS calculated that 41% 
cuts might be required in non-protected departments, 
such as defence.124 There is serious concern within the 
UK military about the impact of further cuts in personnel, 
which may be introduced in order to pay for the equipment 
budget, including nuclear procurement.125 Labour MP Roger 
Godsiff has argued against Trident replacement on these 
grounds. In January 2015 he told the House of Commons, 
“In a choice between spending money on conventional 
weapons and improving our internal security or committing 
£100 billion to a mythical so-called independent deterrent, I 
know which I would choose.”126

The key UK-based companies in the Trident programme 
include BAE Systems, Babcock Marine, Rolls Royce, and 
Serco. BAE Systems operates the submarine construction 
yard at Barrow in Furness. Babcock Marine runs Devonport 
dockyard, which refits nuclear submarines, and support 
facilities at the Clyde Naval Base. Rolls Royce designs, 
manufactures, and supports the nuclear reactors on 
British submarines. Serco has a one-third share in AWE 
Management Limited (AWEML), which operates the UK 
nuclear warhead development and manufacturing facilities. 
BAE Systems, Babcock Marine, and Rolls Royce are the 
three main contractors for the successor submarine. They 
are also the three Tier 1 suppliers in the wider Submarine 
Enterprise Performance Program (SEPP).127

US arms giant Lockheed Martin plays a leading role in the 
UK nuclear weapons’ programme.  It is the lead contractor 
for the Trident missile system. The company also has a 
one-third share in AWEML. Lockheed Martin UK maintains 
components of the Trident missile system at the Clyde 
Naval Base. AWEML, Lockheed Martin UK, and Babcock 
Marine are partners in ABL Alliance, a joint venture that 
is responsible for nuclear warhead and Strategic Weapon 
System activities at the Clyde Naval Base. Lockheed 
Martin manages Sandia National Laboratory, the US facility 
which designs and produces non-nuclear components of 
the UK Trident warhead. The Managing Director and the 
Production Director at AWEML are both US citizens and 
former employees of Lockheed Martin. 

Other US-based companies involved in the UK Trident 
programme include Jacob’s Engineering, General 
Dynamics, and Electric Boat. Jacob’s Engineering has a 
one-third share in AWEML. General Dynamics produces 
support systems for Trident, including the Fire Control 
System. Electric Boat is assisting BAE Systems with the 
successor submarine.
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International law and doctrine 
In his submission to the 2012 nuclear Non-Proliferation 
Treaty (NPT) Preparatory Committee Peter Duncan, the 
UK ambassador said that the UK did not support a treaty 
banning nuclear weapons. He said that the recent focus on 
the humanitarian impact of nuclear weapons stemmed from 
frustration with the pace of disarmament and he added  
“we share that frustration”.128 However, in setting out the 
case for Trident replacement, the previous UK government 
argued that the NPT does not set a timetable for nuclear 
disarmament and does not specifically prohibit the updating 
of nuclear capabilities.129 By pursuing an extensive  
program of modernisation the UK is obstructing progress 
towards disarmament. It can hardly claim that it truly  
shares the exasperation of states which do not possess 
nuclear weapons. 
 
The UK’s modernisation plans are closely bound up with its 
special nuclear relationship with the US.130 The transfer of 
nuclear weapon design information, warhead components, 
and fissile material from the US to the UK is contrary to the 
spirit of the NPT and sets an example that is inconsistent 
with the purpose of the Treaty. 
 
In 2010 H.E. Judge Mohammed Bedjaoui, former President 
of the International Court of Justice, was asked for his view 
on the legality of a nuclear weapon system that deploys 
over 100 warheads, each with a yield of 100 kilotons (like 
the UK Trident force). He concluded:

Even in an extreme circumstance of self-
defence, in which the very survival of a State 
would be at stake, the use of a 100 kt nuclear 
warhead (regardless of whether it was targeted 
to land accurately on or above a military target) 
would always fail the tests of controllability, 
discrimination, civilian immunity, and neutral rights 
and would thus be unlawful.…
The modernization, updating or renewal of such a 
nuclear weapon system would also be a material 
breach of the NPT obligations, particularly the 
unequivocal undertaking by the nuclear-weapon 
states to ‘accomplish the total elimination of their 
nuclear arsenals leading to nuclear disarmament’ 
and the fundamental Article VI obligation to 
negotiate in good faith on cessation of the arms 
race and on nuclear disarmament, with the 
understanding that these negotiations must be 
pursued in good faith and brought to conclusion in 
a timely manner.131

In November 2006 Phillipe Sands QC and Helen Law gave 
advice on the legality of the maintenance and replacement 
of the UK Trident system. They said:

If the position of the UK is that a nuclear 
deterrent remains necessary whilst there is the 
unascertainable risk of a future threat developing, 
this amounts to a de facto acceptance that the UK 
will never fully disarm. In our opinion, this can only 

negate the good faith with which the UK is required 
to negotiate [to achieve nuclear disarmament 
under Article VI of the NPT].132

The Mk4A warhead modification program and the upgrade 
of all elements of the Trident system are likely to enhance 
the targeting capability of Trident. Sands and Law argue 
that upgrades of this nature would be likely to increase the 
circumstances in which the UK’s nuclear weapons would be 
used and that this would be contrary to the UK’s obligation 
to pursue a diminishing role for nuclear weapons, as set 
out at the 2000 NPT Review Conference and reaffirmed at 
the 2010 NPT Review Conference. Lord Murray, formerly 
the senior government law officer in Scotland, has said 
that the deployment of Trident on continuous patrol, in the 
absence of an imminent danger to Britain, could be seen 
as “a continuing threat of unrestricted use against others” 
and therefore contrary to international law.133 He also 
has questioned whether the upgrading of Trident can be 
reconciled with the UK’s obligation to pursue negotiations 
on disarmament in good faith.

Dependence on American support is a significant driver 
for Britain’s modernisation efforts. The Royal Navy is 
determined to buy the latest American equipment, so it 
is not left with the costs and problems of sustaining an 
obsolete system. One of the main goals of AWE’s research 
programme is to retain Britain’s unique access to the 
closely guarded secrets of the US nuclear laboratories. In 
return for this assistance, the United States expects that 
the UK would join any nuclear coalition of the willing.134  
The US-UK nuclear exchange is based on the Mutual 
Defence Agreement, which was renewed for a further  
ten years in 2014.

The UK’s nuclear targeting policy during the Cold War 
was designed to destroy 50% of the buildings in Moscow 
and other Soviet cities. The decision to acquire Trident, in 
1980, enabled targeting to be more precise, but the focus 
remained on facilities in and around Moscow. 135 In 2012 the 
Deputy Prime Minister Nick Clegg implied that UK targeting 
policy was still focused on the Russian capital.136 A study 
by Scottish CND, published for the 2013 Oslo Conference 
on the Humanitarian Impact of Nuclear Weapons, found 
that an attack with 40 Trident nuclear warheads on targets 
in and around Moscow would result in 5.4 million short-
term fatalities.137 
 
 

Public discourse 
The Conservative Party supports replacing Trident with 
a new fleet of nuclear submarines armed with ballistic 
missiles. It argues that Trident and its replacement should 
be kept on continuous patrol. While the decision on 
three or four submarines will not be taken until 2016, 
the planning assumption is that four vessels will be built. 
Some Conservative MPs argue that the UK should keep 
nuclear weapons in order to retain its status in the world. 
Oliver Colville MP said, “I can confirm my commitment to 
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our retaining our nuclear arsenal because, in my opinion, 
it is the cornerstone of our membership of NATO and 
of our seat on the UN Security Council.”138 The senior 
Conservative MP Michael Heseltine gave a further reason 
for keeping Trident, saying in a BBC debate, “to leave 
France as the only nuclear power in Europe would be a 
reckless piece of irresponsibility.”139

The Labour Party conducted an extensive review of 
policies in 2014. Several submissions to the review 
argued that Trident should be scrapped, but this option 
was rejected. Others proposed that Trident replacement 
should be considered in the 2015 Defence Review and 
this has become party policy. Apart from this, the Labour 
party position is the same as that of the Conservative 
party. When the idea of taking Trident off patrol was 
raised in 2013 it was rejected by Labour’s defence 
spokesperson. The party’s position is that it supports 
continuous patrols unless there is convincing new evidence 
for abandoning this posture. Vernon Coaker, Labour 
Defence spokesperson, told the House of Commons on 20 
January 2015, “We want a minimum independent credible 
deterrent, based on continuous-at-sea deterrence.”140

As part of the Coalition government, the Liberal Democrats 
initiated a review of alternatives to a Trident-type system.141 
The study was conducted by the Cabinet Office. It reviewed 
a range of alternative nuclear weapon systems, including 
submarine-launched cruise missiles and air-launched 
missiles. It presented a complex range of alternative levels 
of alert. The review argued that developing anything other 
than a Trident-type system would take longer and cost 
more. The report was flawed in a number of ways: it did not 
consider nuclear disarmament as an option; it assumed that 
any future force must be armed with weapons with a similar 
yield to Trident; and in its unclassified form the report failed 
to define the level of damage that a UK nuclear force would 
be required to inflict.  

Liberal Democrats have changed their policy as a result 
of this study. The party has joined the Conservatives and 
Labour in recommending a replacement similar to Trident. 
The Liberal Democrat MP Alan Reid told the House of 
Commons, “A submarine system with ballistic missiles 
remains the most effective and least vulnerable form of 
deterrent.”142

In February 2015, Centre Forum, a Liberal Democrat 
think tank, suggested that the UK could acquire 100 UK 
versions of the US B61-12 bomb and deploy them both on 
land-based aircraft and on the UK’s new aircraft carriers.143 
However, in the light of the Cabinet Office report, this 
proposal is unlikely to receive much support.

The Liberal Democrats depart from their Conservative 
and Labour colleagues in arguing that the submarines do 
not need to maintain a continuous patrol. They also say 
that fewer than four submarines should be built. Liberal 
Democrat minister Danny Alexander said that these 
changes would save £4 billion in the through-life costs of 

the system. This implies a total cost of £96 billion rather 
than £100 billion. 

The Liberal Democrat policy of opposing continuous 
patrols has been attacked by their political opponents. 
For example, Bob Stewart MP said, “We cannot have a 
part-time deterrent.”144 All UK operational nuclear weapons 
are based in Scotland. The Scottish National Party (SNP), 
which has formed the Scottish Government since May 
2007, is strongly opposed to Trident. On 6 August 2014 
the Scottish Parliament passed a resolution calling for 
the “speediest safe withdrawal of nuclear weapons from 
Scotland” and supporting a global ban on nuclear weapons.

A referendum on Scottish independence was held in 
September 2014. The future of Trident was a key issue in 
the referendum campaign. Prior to the vote the Scottish 
Government said that an independent Scotland would 
demand that all nuclear weapons were removed within 
four years and it would introduce a constitutional ban on 
nuclear weapons. Removing Trident from Scotland would 
be likely to leave the UK without any nuclear weapons, 
because of the severe difficulties of relocating Trident.145 
In 2012 a report by the Scottish Campaign for Nuclear 
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Disarmament argued that it would be practically possible 
to remove all nuclear warheads from Scotland in two years 
and to dismantled them all within four years.146 45% of the 
population voted for independence. While this means that 
Scotland remains within the United Kingdom, the issue is 
likely to re-emerge in future years.

In December 2014 the SNP joined with Plaid Cymru (the 
National Party of Wales) and the Green Party in a joint 
statement which said that, if there was a hung parliament 
after the May 2015 election, they would only support a UK 
government that is committed to abandoning the plans for 
Trident replacement.

UK government’s decisions to build or upgrade nuclear 
weapons have, since the 1960s, have been based on 
the argument that “now is not the time to disarm”. Sir 
Michael Quinlan, former permanent secretary at the 
MoD, said that each set of decision-makers, over several 
decades, produced “a set of rationales to clothe that gut 
decision.”147 Former Prime Minister Tony Blair wrote in his 
biography, “Imagine standing up in the House of Commons 
and saying I’ve decided to scrap it. We’re not going to say 
that, are we?”148

Supporters of the UK nuclear force argue that even if 
the UK abandoned nuclear weapons, this would have no 
effect on other nuclear armed states.149 Professor Michael 
Clarke, Director General of the Royal United Services 
Institute, disagrees. He argues that if Britain were to scrap 
Trident this would be the most significant nuclear decision 
the world has ever seen.150 Professor William Walker points 
out that such a move would be unique because of Britain’s 
role in the early development of nuclear weapons and 
its position as one of the three custodians of the NPT.151 
Walker adds that if Britain disarmed this would be far more 
dramatic than the examples of disarmament we have seen 
so far. These have been in the peculiar situations of the 
disintegration of the Soviet Union and the end of apartheid 
in South Africa. Clarke adds that, even if others don’t 
follow and we end up in an unstable scenario with more 
nuclear-armed states, Britain would still be better off by not 
being one of them.
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United States
Greg Mello and  
Trish Williams-Mello

The United States is conducting a complete overhaul of 
all components of its nuclear triad, requiring three full 
decades of investment. This will cost, including current 
operations, at least $1 trillion. The new weapons and 
factories placed into service will last, i.e. generate nuclear 
threats (their purpose), until late in this century. US nuclear 
modernisation is already producing significant new nuclear 
capabilities with unknowable consequences, and significant 
additional new capabilities are planned and budgeted. No 
warhead retirements are occurring under New START and 
none are committed. Future dismantlements have been 
made contingent on construction of new factories and 
deployment of new weapons. 

The modernisation programme-of-record has been dogged 
by delays, cancellations, downscaling, and cost overruns; 
its completion in an era of budgetary uncertainty and 
constraint is widely questioned. Modernisation competes 
with warhead dismantlement for scarce physical and 
financial resources in the production complex. There are 
deep concerns in government (including the military) and 
in civil society about nuclear weapons cost and relevance, 
but so far not one member of Congress publicly opposes 
maintaining a policy of “mutual assured destruction” 
(MAD) based on a triad of delivery systems with thousands 
of nuclear warheads.  
 
 

Status of US nuclear forces 

Warheads 
As of 1 April 2015 the United States deployed 1,597 
strategic warheads on 785 strategic delivery vehicles on 
or in 898 deployed and non-deployed launchers.1 In all the 
United States possesses at least 7,100 warheads including 
deployed strategic warheads, non-strategic warheads, 
operational warheads not deployed, and including a 
minimum of 2,340 intact but “retired” warheads. An 
unknown number of retired warheads are in “managed 
retirement” or “war reserve” status.2  

In addition the US stores more than 15,000 plutonium pits 
from dismantled nuclear weapons, thousands of which 
could be reused, as well as thousands of thermonuclear 
secondaries and millions of other parts.3 Warheads 
removed from deployed strategic stockpile to comply with 
New START are not being retired but rather transitioned 
to the maintained “hedge” stockpile, with the result that 
New START will not result in any significant change in the 
size of the active US stockpile until the late 2020s at the 
earliest. Current policy makes retirements contingent on 

successful completion of planned warhead modernisation 
and construction of new warhead production capacity.4 
 
 

Delivery systems 
The US strategic “triad” consists of: 447 Minuteman III 
intercontinental ballistic missiles (ICBMs) carrying 447 
warheads with the capacity for additional warheads to 
be uploaded; 14 Ohio-class submarines each with 24 
launch tubes for Trident D5 submarine-launched ballistic 
missiles (SLBMs) carrying about 1,152 warheads with an 
upload capacity of more than that many warheads again; 
and 96 nuclear capable strategic bombers, 20 B2As and 
76 B-52Hs. Of these heavy bombers, 60 (44 B-52Hs 
and 16 B-2As) have been assigned nuclear roles.5 Each 
heavy bomber is counted as one warhead under New 
START, although up to 20 warheads on cruise missiles 
can be deployed on a single B-52H and up to 16 nuclear 
gravity bombs can be carried on each B-2.6 The active US 
stockpile also includes about 500 non-strategic weapons, 
with about 180 deployed at NATO air bases in Europe for 
delivery by US F-15Es, F-16s, and host country F-16s and 
Tornado aircraft.7  
 
 

Fissile materials 
The US has produced or acquired approximately 850 metric 
tons (MT) of highly-enriched uranium (HEU) and 112 MT 
of weapon-grade plutonium, of which 609 MT and 95 MT 
remain, respectively (current HEU stock is exclusive of 
HEU in spent naval reactor fuel).8  
 
 

Modernisation 
The US government is officially committed to modernising 
or replacing all its nuclear bombs and warheads; all the 
submarines, missiles, and aircraft that carry them; its 
nuclear targeting, command, and control systems; and its 
laboratories and production plants that design, maintain, 
and manufacture warheads. US policy and budget 
documents all manifest an intent to keep thousands 
of nuclear weapons in service for most of this century, 
together with the capability to bring stored warheads back 
into service and to design and manufacture new warheads 
and delivery systems.9  

A nuclear weapon system consists of a nuclear explosive, 
a delivery system, a launch platform or air base, and the 
surveillance, intelligence, targeting, command, and control 
systems that enable nuclear use. All system components 
work together to produce the nuclear threat. Using this 
definition, the US is replacing and modernising all of its 
nuclear weapon systems. The result will be, in all US 
cases, new or renewed nuclear weapon systems with new 
military capabilities – even if some components, such as 
the nuclear explosive components in a warhead, change 
only a little.  
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Modernisation is continuous, underway, and is already 
incorporating new capabilities that expand potential 
nuclear target sets, increasing or making new threats. One 
example is the upgraded submarine-launched warhead, the 
W76-1, now a little more than halfway through production. 
The W76-1 is being equipped with an advanced fuze that 
enables, together with the increases in missile accuracy 
and range available from the D5 missile over the original C4 
missile, targeting of Russian missile silos and other “hard” 
targets from ocean launches, a capability not present in the 
original W76-0.10  

Another example is the proposed B61-12 gravity bomb  
now in advanced design and testing, which will have 
a precision-guidance tail fin system enabling 30-meter 
accuracy (down from the original 110-170 meters),11 
allowing much lower nuclear yields, again expanding 
possible nuclear targets and increasing the “credibility” of 
the associated nuclear threats. In January 2014, US Air 
Force Chief of Staff, General Norton Schwartz, confirmed 
that the modernised B61 will have improved military 
capabilities to attack targets with greater accuracy and 
less radioactive fallout.12 Yet the 2010 US Nuclear Posture 
Review (NPR) pledged that nuclear weapon life extension 
programs “will not support new military missions or provide 
for new military capabilities.”13 The B61-12 violates the 
NPR pledge – as does the W76-1/Trident D5 combination 
and as would the W80-4 warhead on the proposed Long-
Range Stand-Off (LRSO) stealth cruise missile as well. 

The military characteristics of nuclear weapon systems 
are, in general, secret. Seemingly modest “improvements” 
in one aspect of a weapon (e.g. a new fuze with more 
accurate detonation placement) can combine with other 
“improvements” (increased stealth, forward basing, 
nearby-ocean launches, greater accuracy, or increased 
range) to create – intentionally or unintentionally – an 
entirely more threatening nuclear posture. Also, new and 
potentially destabilising threats cannot be analysed one 
weapon system at a time but must consider the entire 
military-political threat spectrum, including the capabilities 
of ballistic missile defenses, early warning systems, 
command and control, cyberwar, financial war, and 
conventional military offenses and defenses, all of which 
are evolving and changing in ways impossible to understand 
and predict.  A stable “balance of terror” therefore cannot 
be assumed, especially given new geopolitical realities, one 
feature of which is unpredictability. 

One certainty is that nuclear modernisation programmes 
will elicit compensatory responses from others. In the US, 
nuclear modernisation programmes require from one to 
three decades to complete; weapon service lives are in 
the 30 to 40 year range, expressive of great sunk costs, 
a political reality whether rational or not. For all these 
reasons, nuclear modernisation decisions will generate very 
long-lasting threats to the US and the world. 

However, there is a great difference between 
modernisation aspirations on the one hand and practical 

accomplishment on the other. Virtually all the warhead and 
infrastructure modernisation projects in the Department of 
Energy (DOE) have experienced serious cost overruns and 
schedule delays that have selectively eroded support by 
congressional appropriators and the military, causing DOE 
to downscale, defer, or cancel several projects. Nuclear 
weapons programmes as a whole, including both DOE and 
the (larger) Department of Defense (DoD) programmes, 
face an approximate $10 billion/year shortfall starting in the 
early 2020s, roughly the total cost of modernisation across 
both DOE and DoD during this period and almost one third 
of nuclear weapons costs in all.14  

More than just being limited by money shortfalls, 
modernisation programmes are also affected by persistent 
management problems in both DoD and DOE. One industry 
executive, expressing a common industry view, complained 
about “parts obsolescence, supply chain, employee 
recruitment and retention, funding and national program 
visibility.”15 DOE’s warhead programmes have been on the 
Government Accountability Office’s (GAO’s) “High Risk” 
list for waste, fraud, and abuse since the early 1980s.16

Production of upgraded warheads competes for space, 
staff, and budget with warhead dismantlement at the 
Pantex nuclear weapons factory in Texas. At one time, the 
applicable rule of thumb for planning was that one upgraded 
warhead consumes the Pantex resources necessary to 
dismantle approximately two warheads.17 It is a concrete 
metaphor for the peace and security consumed  
by modernisation.  
 
 

Delivery systems

Submarines and SLBMs  
The oldest of the 14 Ohio-class SSBNs is scheduled 
for retirement in 2027, a supposedly-firm date driven 
by reactor age and hull fatigue,18 with one retirement to 
follow in each subsequent year through 2039 as later-built 
SSBNs age out. The first of 12 SSBN(X)s is expected to 
be deployed in 2031, with one subsequent boat entering 
service each year until 2042. This will give a minimum fleet 
size of 10 SSBNs from 2031 through 2040. 

The SSBN(X), like the Ohio-class submarines it would 
replace, will carry Trident D5 missiles – 16 missiles each 
instead of the 24 on Ohio-class boats.19 The launch tubes 
are to be in Common Missile Compartments (CMCs), 
each with four missiles, which will also be used on the 
UK’s planned Vanguard- replacement SSBNs, which if built 
will also use D5 missiles. The UK Ministry of Defence is 
collaborating on the design of the CMC and so far has paid 
for most of design work.20  

The D5 missiles are currently being upgraded for service 
through 2042 at a current steady annual cost of $1.2 
billion, which in FY16 will buy 12 solid rocket motors, 35 
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Life Extension Program (LEP) kits, and other hardware.21 
In round numbers, D5 missiles cost $30 million each.22 
The Navy is very concerned about preserving the industrial 
base for large solid propellant rocket motors and can 
reasonably be expected to continue purchasing D5s for 
a long time both for its own use and for lease to the UK 
– should the UK continue to deploy SSBNs. Wolfsthal, 
Lewis, and Quint therefore use today’s annual cost as a 
reasonable estimate of future D5 and successor missile 
costs, a $36 billion total over 30 years.23 

The total estimated cost for the full multi-decade SSBN(X) 
procurement programme is speculative at this point but 
thought to lie in the vicinity of $100 billion – exclusive of 
missiles, warheads, deployment and other operational 
costs, DOE propulsion reactor development, and 
decommissioning.24 Of that ballpark $100 billion, more than 
half will be spent – and more than half the boats purchased 
– before the first SSBN(X) goes into service in 2031.25  
For this reason, submarine-based nuclear modernisation 
costs, including warheads, will comprise more than half of 
all nuclear modernisation costs over the coming decade – 
$46 billion out of $79 billion.26 

Funding the SSBN(X) presents something of a crisis for 
the Navy’s ambitious plans to modernise and increase 
its overall fleet size, from 281 ships today to 306 ships 
by 2022.27 Annual shipbuilding budgets have been about 
$16 billion for the past three decades. In a recent study, 
the Congressional Budget Office (CBO) estimates that 
the Navy’s current plans will cost an additional $5 billion 
annually, i.e. $21 billion each year; the $5 billion annual 
increment is about the expected cost of each SSBN(X) 
past the first one, not counting initial development.28

According to CBO, under level extensions of the present 
$16 billion budget the best way to fulfill the Navy’s 
“forward deployment” goals (read: power projection) 
would be to purchase 25% fewer ships of all kinds than 
planned, including 2 fewer SSBN(X)s. The 30-year price 
tag with level funding would then be $483 billion, instead 
of the $621 billion that CBO estimates is really needed 
for all the new ships the Navy wants. Should shipbuilding 
budgets fall below present levels to $14 billion annually, 
only 8 SSBN(X)s would be affordable and the Navy would 
build 1/3 fewer ships than it wants over the next 30 years. 
CBO’s projections assume “business as usual” industry 
conditions, which as we note below may not always prevail. 
They do not include inflation, i.e. they are expressed in 
constant 2015 dollars. 

As a first step in solving these funding problems Congress 
last year created a new military account, called the  
“Sea-Based Deterrence Fund,” which remains to be  
filled with money. 

The Navy has made clear on several occasions that the 
SSBN(X), which is slated to go into advance procurement 
in 2017 and full procurement in 2021, is its top priority – 
the plain meaning of which is that in the event of budget 

shortfalls and cost overruns it will protect the SSBN(X) 
over all other priorities.29 It may have to do so. Whether the 
Navy is able to expand its annual shipbuilding budget, or 
move the SSBN(X) into the new “Sea-Based Deterrence 
Fund,” as well as how many SSBN(X)s are actually built, all 
remain to be seen.  
 
 

Intercontinental  
ballistic missiles (ICBMs) 
The US has 450 Minuteman III silos controlled by 45 launch 
centers in three Air Force bases spread across parts 
of Colorado, Wyoming, Nebraska, Montana, and North 
Dakota. Each base is the home of a missile wing of 150 
silos with 15 launch centers, divided into three squadrons, 
each with 50 silos. The US plans to empty 50 of these silos 
and maintain them in “warm” standby while storing their 
missiles elsewhere to meet New START requirements  
by 2018. 
Minuteman III missiles carry the 335 kt W78 and 300 kt 
W87 warheads, currently in a single warhead configuration. 
The US stores an estimated 490 W78 and W87 warheads, 
beyond the number deployed. There are more than 
enough of the more modern W87 warheads to arm all the 
Minuteman missiles, but not enough to do so while also 
providing a significant upload hedge.30

Over the decade or so ending in 2012, the Air Force spent 
$7 billion replacing and upgrading nearly all components of 
these missiles, from the flight controls to the propellant in 
all three stages, to the guidance systems. According the 
Air Force they are “basically new missiles except for the 
shell.” The last of the life extension work, which extends 
the service life of these missiles to 2030, is slated for 
completion this year.31 Fuzing systems for both the Mark 
12A reentry vehicle (RV) (for the W78) and Mark 21 (for 
the W87) were part of this upgrade, with what implications 
for burst accuracy we do not know.32 But by 2010, the 
upgraded missile already had “expanded targeting options, 
improved accuracy and survivability,” that is, significant 
new military characteristics.33 Upgrades to the missile’s 
silo-based and above-ground launch infrastructure are 
now a very high Air Force priority. Further upgrades to 
the missile system itself are as well, in part to sustain the 
industrial base and in part to continuously upgrade the 
missile and prepare for what will follow it.34 

Given the already-extensive upgrades to the Minuteman 
system and its resulting capabilities, the Air Force fiscal 
year 2012 budget request contained no funds to even 
study a future ICBM.35 The lack of such a study was 
however seen by Republicans as backtracking from 
a commitment made in 2010 to enable New START 
ratification.36 The analysis of alternatives was subsequently 
funded in 2013 and completed in June of 2014. It examined 
options for sustaining ICBMs through 2075 that included 
incremental modernisation of the Minuteman III, an all-new 
ICBM, a rail-mobile ICBM, super-hardened silos, and an 
underground mobile missile moved from one silo to 

 86



another by a vast underground subway-like network  
of tunnels.37 

No final ICBM modernisation strategy has yet been 
announced, but the Air Force recently said its Minuteman 
follow-on system, now called the “Ground-Based Strategic 
Deterrent” (GBSD), is expected to cost $40-$ 60 billion 
and will be initially fielded in 2027. The Air Force is asking 
for a $75 million appropriation in FY 2016 for GBSD,  
rising to $325 million by FY 2020.38 Supposedly, still, 
“nothing is off the table” to build a “faster, better, smarter” 
ICBM system.39 

Another $287 million is included in the Air Force’s FY 2016 
budget request for modernising the nuclear command, 
control, and communications (NC3) architecture, part of an 
estimated $52 billion tab for upgrading NC3 for all nuclear 
systems over the decade to come (see also below). 
The NC3 architecture includes a nationwide network of 
underground wiring dating back to the 1960s, outdated 
computer systems running in some cases on 5½” floppy 
disks, and other anachronisms. At times the Air Force 
describes the launch systems as antiquated and, it implies, 
dangerous. Despite whatever dangers there may be above 
and beyond the dangers of the system itself, the Air Force 
suggests that following existing budget law will prevent 
needed improvements to outdated US command and 
control systems.40 

Unlike bombers which can be recalled, and submarines 
that cannot be found in the sea and so need not be given 
an immediate order to launch, ground-based missiles can 
be destroyed by incoming missiles within a few minutes, 
creating institutional pressures to launch a nuclear attack 
almost instantly in the event of a perceived incoming 
attack. On 26 January2015, retired General James Mattis, 
former commander of US Central Command, said during  
a hearing of the Senate Armed Services Committee that  
“the government should consider eliminating the  
land-based leg of the nuclear triad,” in part because it might 
reduce the risk of mistaken threats.41 As noted below,  
this is also the recommendation of General Cartwright, 
another former STRATCOM chief, Chuck Hagel, and  
other senior figures.  
 
 

Heavy bombers 
The Long-Range Strike Bomber (LRS-B) programme 
aims to augment and gradually replace the current US 
heavy bomber fleet, starting in the late 2020s, after first 
delivery in mid-decade and subsequent flight testing.42 
The unclassified program began in 2012, but the short 
development path and low apparent R&D budget imply a 
longer and far more expensive “black” program.43  
R&D costs for a new bomber are typically in the  
$20-45 billion range.44 

According to the Air Force, this bomber represents an 
essential component in its evolving joint portfolio of 

conventional and nuclear deep-strike capabilities.45 It is the 
conventional power projection and bombing role which is 
primary for the LRS-B; nuclear certification will come later 
and may “take some time.”46 

The existing US heavy bomber fleet consists of 76 B-52Hs, 
61 B-1s (which are not nuclear-capable), and 20 B-2As.47 
The B-52H first entered service in 1961, the first B-1 in 
1986, and the first B-2A in 2003. Their average airframe 
ages are 50, 28, and 20 years, respectively. The Air Force 
has extended the operational life of the B-52 and B-1 to 
2040 and that of the B-2 to 2058.48 All three bombers 
have been and still are being continuously upgraded and 
meticulously maintained, although there are also longevity 
challenges for each. 

Importantly, these challenges are not strictly technical 
but are intertwined with issues of each airplane’s unique 
capabilities and vulnerabilities, its numbers (low, in the case 
of the B-2), its basing limitations, its operating cost (very 
high, in the case of the B-2), the evolution of munitions and 
defensive capabilities, its supplier base (limited, in every 
case), and the evolution of land and ship-born air defences. 

Even at 50 or more years, the B-52 remains robust. “Every 
aspect of the aircraft – structurally, the capability to hold 
weapons and avionics, the power – has large margins in 
it,” according to Boeing’s B-52 manager.49 The B-52H is 
the Air Force’s only nuclear bomber capable of deploying 
long-range standoff weapons. The B-1, meanwhile, has the 
largest internal bomb capacity, but is not stealthy. The B-2 
is the world’s only long-range stealth bomber. 

There is a great deal of uncertainty, vagueness, and debate 
about what the missions of Air Force bombers actually 
are and will be, and therefore about the expected future 
relevance and role of each of its existing bombers as well 
as the proposed LRS-B. A significant and demanding part 
of the bomber mission is directed at “the Asia-Pacific 
region,” i.e. China, and requires “continuous bomber 
presence… [specifically] at Anderson Air Force Base, 
Guam – and corresponding displays of worldwide power 
projection missions by all three bombers.”50 But assuming 
it is possible, is it really necessary or even desirable, 
even from the most hawkish perspective, to attempt to 
overcome the most modern future air defences, e.g. those 
of nuclear-armed China, with bombers? 

One of the questions raised about the LRS-B is whether 
a human crew is necessary for conventional bombing 
missions. While initially the LRS-B will be deployed as 
a “manned” aircraft, it could eventually be “optionally” 
manned, but never for nuclear missions.51 

Other uncertainties delayed the LRS-B. Would it be better 
to focus on a less-expensive stand-off bomber capable 
of launching cruise missiles, which is a mission the B-52 
can do today? If a bomber is too expensive to risk, as the 
B-2 is today and as the LRS-B will also be if it experiences 
cost overruns, will it be unusable against all but the most 
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helpless enemies? How many bombers are “needed,” 
and how many tons of bombs and stand-off munitions will 
“need” to be dropped on what targets, which will have 
what defences? And what will it really cost? These and 
other questions have been asked pointedly at the highest 
levels in the military – especially, up to 2011 at least, by 
the then-Vice Chairman of the Joint Chiefs Gen. James 
Cartwright, who strongly opposed the LRS-B in favor of 
an inexpensive “truck” for delivering large quantities, if 
desired, of precision munitions – which describes, to our 
eye, the B-1 and B-52, for a long time to come. LRS-B got 
the go-ahead only after Cartwright was no longer able to 
stop it.52 The LRS-B under development is rumored to be 
about half as large as the B-2A, which has the smallest 
payload of the three existing heavy bombers, with two 
engines similar in size to the engine on the new F-35.53 

Since the B-52 the Air Force has had a poor record in 
bomber acquisition, the details of which are beyond this 
sketch. Will the LRS-B be any different? Experience 
suggests that it will be difficult to remain within the $550 
million cost cap (exclusive of development costs) that was 
imposed by Secretary Gates when he finally approved 
the programme. The Air Force has already begun to back-
track on this: “No, of course it’s not going to be $550 
million a copy, once you add in everything,” said Air Force 
deputy acquisition chief Lt. Gen. Charles Davis last year.54 
A not-inconsiderable aspect of the LRS-B program is 
maintenance of the industrial and supplier base for combat 
aircraft. But with a starting cost of at least $550 million 
each, will there really be enough money and airplanes to 
accomplish this? In an attempt to mitigate this risk and to 
stretch out the cost, the Air Force proposes to buy a large 
number of LRS-Bs (80-100) over a relatively long period  
of time.55

To deliver the first LRS-B by the mid-2020s, the Air Force 
is asking for $1.2 billion in FY 2016, rising to $3.79 billion 
by 2020.56 The full brunt of LRS-B acquisition begins 
concurrently with the SSBN(X), the F-35 Joint Strike 
Fighter, and a host of other Navy and Air Force acquisition 
programs, leading analysts like Todd Harrison at the Center 
for Strategic and Budgetary Assessment to conclude that 
there will simply not be enough money to buy it all.57 

The Congressional Budget Office estimates that in the 
2020s nuclear modernisation, all in all, will cost more than 
nuclear operating and sustainment combined. The Air Force 
LRS-B is responsible for the second largest portion of this, 
behind the Navy’s SSBN(X), with the Air Force projected to 
spend $21 billion on new bombers over the next 10 years 
(vs. $19.2 billion for bomber operations and sustainment).58 
A separate nuclear deterrence account for the Air Force, 
like that for the Navy, is under consideration, but a new 
account does not create new money.59 

Assuming the LRS-B were “necessary,” could it be 
delayed? The continued airworthiness of the three existing 
bombers, with their diverse capabilities and large combined 
numbers, is not in question. The nuclear mission of the 

B-2 and B-52 is not a significant factor in driving the new 
bomber at this time. The answer to whether the LRS-B can 
be delayed really depends on the urgency of the mission 
proposed for it – which has nothing to do with defence.60 
 
 

Warheads 
The programme-of-record for DOE warhead modernisation 
is described at length in the most recent DOE Stockpile 
Stewardship and Management Plan.61 DOE calls it the 
“3+2” plan because it would produce a single new gravity 
bomb to replace all others (the B61-12, to be replaced later 
by the B61-13), a new cruise missile warhead (the W80-4), 
and, eventually, three successive “interoperable” ballistic 
missile warheads, in the meantime pursuing life extension 
programmes (LEPs) to produce the W76-1 SLBM warhead 
and replace the fuze and high explosives in the W88 SLBM 
warhead (“Alteration 370”). LEPs for the W87 warhead 
and the B61-7 and B61-11 bombs have already been 
completed. As noted above, the 3+2 plan is unlikely to be 
realized and was widely considered “dead on arrival” as 
written when first proposed. 
 
The 100 kt W76-1 provides significant and potentially 
destabilising new military capabilities to the ballistic missile 
submarine fleet, as noted above. About 3,030 W76 
warheads were in the stockpile in 2007; an estimated 
1,600 W76-1s will be produced from this inventory.62    
 
The B61-12 LEP will consolidate the roles of the existing 
B61-3, B61-4, B61-7, and B61-10 bombs with one new 
bomb, the B61-12, using the B61-4 nuclear explosive with 
selectable yields from 0.3 to 50 kilotons (kt). When the 
B61-12 is deployed, the B61-7, B61-11, and B83 strategic 
bombs will be placed in the hedge arsenal or retired, 
leaving just one type of gravity bomb. About 480 B61-12s 
are planned, giving a unit cost of at least $22 million per 
bomb, including the DoD-funded precision guided tail kit 
but not including unspecified DoD and DOE programme 
costs.63 The B61-12 is to be deliverable by the B-2, F-15E, 
F-16, and Tornado aircraft and later by the F-35A and Long 
Range Strike Bomber (LRSB).  
 
Given the apparent failure of opposition to the B61-12 
to date, it may be well to also focus on insuring the full 
retirement and dismantlement, and not just the storage, of 
the balance of the gravity bomb inventory. 
 
The W88 Alt 370 programme, scheduled to begin as the 
W76-1 production run ends in 2020, will install a new 
arming, firing, and fuzing (AF&F) system to replace the 
original late-1980s AF&F and will also replace (“refresh”) 
the warhead’s conventional high explosive (CHE), allowing 
the upgraded 475 kt warhead to remain deployed through 
the late 2030s.64   
 
A senior official has described the Long-Range Stand-Off 
(LRSO) warhead as a “no-kidding new warhead.”65 A W80 
warhead variant, dubbed “W80-4,” has been selected for 
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this new delivery system.66 No new plutonium warhead 
core (“pit”) production is required for this warhead.  W80 
and W80-1 yields are selectable from 5 kt up to the 150-
200 kt range.67  
 
In 2014, the first of the three proposed “interoperable” 
warhead (IW) programs was delayed by five years, to 
2030, reflecting the lack of any near-term need and poor 
military acceptance.68 IW-1 is to be based on the 300 kt 
W87. IW-1 would not require a pit production campaign to 
arm existing ICBMs with new “W87-like” warheads but 
would if an upload hedge for ICBMs is also desired, or if 
W88 warheads are also replaced as is currently planned 
in the late 2030s.69 Pit production costs (for operations, 
infrastructure upgrades, and waste management) are huge 
– in the $10+ billion range over the next two decades, and 
if attributed to IW-1 would roughly double its costs.   
 
Meanwhile the future of the IW concept as a whole is 
now in doubt.70 Current plans entail separate new fuzing 
systems for the ICBM and SLBM component of IW-1 
as well as separate production schedules.  “IW-2” and 
“IW-3,” which are not slated to begin even as conceptual 
design programs until 2023 and 2030 respectively, are 
not fully described in any public documents and can be 
considered placeholders.71 
 
 

Economics 
Nuclear weapon costs occur in both the DOE and DoD 
budgets. The DOE budget request for fiscal year 2016 
includes $8.847 billion for nuclear weapons activities, not 
including $283 million in related administrative costs. This is 
a proposed 10% increase from 2015, an annual growth rate 
exceeded only twice in US history (1962 and 1982).72 It is 
higher in constant dollars than the last peak in 

nuclear warhead spending for development, testing, and 
production under President Reagan in 1985.73 Current 
budget projections entail continuous cost increases 
through 2040.74

Over the past years there have been many reports 
and studies on the cost of the US nuclear programme 
and possible options for savings.75 In December 2013 
the Congressional Budget Office (CBO) published an 
authoritative report assessing the projected costs of the 
US nuclear forces for the 2014–2023 timeframe, utilising 
long-term cost databases maintained by CBO and with full 
access to Department of Defense data.76 This study was 
updated in January 2015.77 According to CBO, maintaining 
and modernising the current US stockpile will cost $348 
billion over the 2015–2024 decade, including about $79 
billion for modernisation sensu stricta, exclusive of any 
abnormal cost overruns (which are in fact normal at DOE). 
Since most modernisation efforts are still in the initial 
phase, annual costs are expected to generally increase 
over the decade and continue to increase afterward.78 

CBO’s modernisation costs do not include all the weapon 
science programs and experimental facilities that underpin 
new warhead designs, or any portion of the operating 
costs of DOE warhead complex, little of which is needed 
for stockpile maintenance and surveillance exclusive of 
new production. CBO attributes only 25% of the estimated 
cost of the new strategic bomber to its nuclear mission, 
10% of F-15E and F-16 costs, and no costs for the F-35, 
the most expensive weapon system in history, which will 
carry the B61-12 bomb.79 CBO also does not include in 
its modernisation figure any of the $52 billion it estimates 
will be spent over coming decade on nuclear command, 
control, and communications (NC3).80 CBO’s estimates 
thus understate the modernisation portion of total nuclear 
weapon costs.

CBO’s overall estimates are broadly consistent with a 
January 2014 independent study from the James Martin 
Center, which concluded that the total 30-year cost of the 
US stockpile (through 2042 in their study) would fall in 
the range of $1 trillion dollars, again assuming no unusual 
cost overruns.81 Neither the CBO nor the James Martin 
Center totals include the ongoing cleanup of the large, 
contaminated DOE warhead complex, some portion of 
which is necessary for continued operations.  

Modernisation costs can be somewhat artificially divided 
into those for warheads proper, the so-called “life 
extension programs” (LEPs), DOE costs for modernising 
and maintaining the warhead factories and labs which 
produce them, DoD costs for delivery systems, and other 
DoD costs. DOE reports the total estimated cost for 
currently-proposed LEPs, not including facility costs and 
other supporting programmes and overhead, as follows:82 

 

DOE’s programme costs usually exceed the agency’s  
high-end estimates, often greatly. These are warhead and 
bomb costs only. 

DOE’s total estimated nuclear weapon cost through 2040 
is in the ballpark of $250 billion in constant 2015 dollars 
assuming 2% inflation, or $300 billion if then-year dollars 
are simply summed. These totals include LEPs, operation 
and modernisation of production infrastructure, weapon 
science, and all other “Weapons Activities” costs but they 
do not include DOE administration.83 DOE administration 
of its nuclear weapons contractors has been running about 
$300 million per year.84  
 
The discussion and table below omit completed LEPs: the 
W87 (1999-2005) and the combined B61-7 and B61-11 
LEP (2006-2009).85

One of the main obstacles to US nuclear weapons 
modernisation plans may be the erosion of the ability of 
the US military-industrial complex to complete ever-more 
complex manufacturing and industrial projects. Work on a 
major plutonium facility on which more than $600 million 
already had been appropriated was postponed for at least 
five years after litigation halted incipient construction and 
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costs ballooned to more than ten times original estimates.86 
After 13 years of work, the project was finally canceled, 
only to be replaced with a new multibillion-dollar plan with 
crucial details still “to be determined.”87 Eight different 
plans to replace and modernise production of plutonium 
pits in the US have failed over the past 25 years.88 
Construction of a new Uranium Processing Facility (UPF) 
has been delayed more than a decade and its costs too 
have increased more than tenfold.89 The project has now 
been significantly down-scoped; its new design is still 
mostly under wraps.90 Robert Alvarez, a former senior 
DOE and now private analyst, describes the DOE warhead 
complex as being in a state of “incipient collapse.”91  
Some current and former congressional and executive 
branch analysts and managers express similar concerns 
in private. Reasons cited typically include rampant 
mismanagement, runaway overhead and salaries, and  
other consequences of privatization, mal-investment,  
poor employee morale, unaccountable contract  
structures, internal and external deception, and loss  
of essential skills.   
 
 

International law and doctrine 
More than four decades after the United States signed 
and ratified the nuclear Non-Proliferation Treaty (NPT), it 
retains a nuclear arsenal large enough to end civilization, 
if not human life, in a few minutes.92 None of its bilateral 
reduction agreements with Russia fundamentally change 
the character or posture of nuclear weapon deployments, 
or the consequences should deterrence fail. Stockpile 
reductions, which began in 1968, are not disarmament, 
and in any case no further reductions are currently planned 
or being negotiated. There are strong disagreements 
between Russia and the US concerning compliance with 
the Intermediate Range Nuclear Forces (INF) Treaty.  

The US has signed but not ratified the Comprehensive 
nuclear Test Ban Treaty (CTBT); ratification was rejected by 
the US Senate in 1999 even after a bargain was made to 
modernise its nuclear weapons infrastructure in exchange 
for ratification. The Obama administration has stated that 
CTBT ratification “remains a top priority for the United 

States”93 but there are no realistic near-term prospects 
for ratification. If the past is any guide, any attempt to 
obtain consent for ratification from the Senate, which 
has not occurred since 1999, is likely to be accompanied 
by new programmatic and funding commitments to the 
nuclear weapons establishment as was the case for New 
START, the ratification of which required a three-decade 
commitment to comprehensive force modernisation. There 
has been no technical need, or any expressed desire, for 
nuclear testing in or from the US warhead complex for 
almost 20 years. The negative consequences of nuclear 
testing for US security are very well-established throughout 
the foreign policy establishment. As a result there is no 
realistic prospect of resuming nuclear testing by the US. 
CTBT ratification by the US, or its continued absence, 
have no influence on US modernisation decisions or on US 
nuclear stockpile decisions generally. 

At the conclusion of the 2000 NPT Review Conference, 
the US agreed that a no-backtracking “principle of 
irreversibility” applies to nuclear disarmament. Yet endless 
modernisation of the research laboratories and factories 
necessary to design and produce nuclear weapons is 
inherently incompatible with any “principle of irreversibility” 
in regard to disarmament. Doing so with the express 
intention of being able to re-arm, and to permanently 
hold open the potential to reconstitute large nuclear 
arsenals throughout the course of disarmament, also is 
inconsistent with an “unequivocal undertaking” to  
eliminate nuclear arsenals. 

The US announced its withdrawal from the Anti-Ballistic 
Missile Treaty in 2001; continuing US development and 
deployment of ballistic missile “defence” systems is a 
serious impediment to further disarmament progress  
as well. 

The US 2010 Nuclear Posture Review (NPR) states that 
the US will keep relying on its nuclear weapons as an 
important part of its national security and will also do this 
for the foreseeable future.94 On 19 June 2013 President 
Obama announced in Berlin that his administration would, 
together with its NATO allies, seek “bold reductions in US 
and Russian tactical nuclear weapons in Europe.”95 On 

Total Estimated Costs for DOE Life Extension Programs, Millions of 2015 dollars (high estimates)

Warhead/
Bomb

DOE cost DoD cost Total First
production

Completion Completion

W76-1 4,397 Not reported >4,397 2008 2020 SLBM, 1600 units

B61-12 9,278 1,422 10,700 2020 2025 Bomb, 480 units

W88 Alt 370 2,690 1,176 3,866 2020 2025 SLBM, 400 units

W80-4 7,845 207 10,997 2025 2032 Cruise missile

IW-1 11,682 3,152 14,834 2030 2043 Replaces W78 & W88

IW-2 12,139 3,152 15,291 2034 2049 R. W87, W76, ICBM?

IW-3 11,047 3,152 11,254 ~2041 2057 R. SLBM?

B61-13 11,323 207 11,530 2040s 2057 Replaces B61-12

Total 70,401 12,468 >83,076
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the same day, however, the US administration published 
a report on President Obama’s new guidance on the 
employment of nuclear weapons.96 Among other things, 
the report reaffirmed that “as long as nuclear weapons 
exist,” the United States will maintain a “safe, secure and 
effective arsenal for its protection and that of its allies.”97 
At the third conference on the humanitarian impact of 
nuclear weapons, hosted by Austria in December 2014,  
the US representative stated that his government “does 
not support efforts to move to a nuclear weapons 
convention, a ban, or a fixed timetable for elimination of  
all nuclear weapons.”98  
 
 

Public discourse
Recent scholarship confirms that US public opinion is not 
at all correlated with the outcome of congressional policy 
debates.99 This is not a recent phenomenon, but recent 
trends in campaign finance law have certainly not improved 
the situation. Nuclear weapons policy, for example 
regarding modernisation, is among the most arcane topics 
in the national security field, itself the largely inaccessible 
“home turf” of what former congressional staffer Mike 
Lofgren has called the “Deep State”.100 For these  
reasons, among many others, it is no surprise that there 
is little public discussion or debate about US nuclear 
weapons policies. 

What civil society discussion there is about US nuclear 
weapons policy is dominated by NGO specialists and 
skewed towards drumming up fear of nuclear weapons 
coming into the possession of non-nuclear weapon states 
or non-state actors, rather than pointing to the very 
real dangers posed by nuclear weapons held as central 
elements of national security policies in the hands of the 
world’s most powerful states. Despite this, there is also 
an undercurrent of concern and at times anger expressed 
in editorial pages and at times in Congress, directed more 
often at DOE than DoD, about nuclear weapon costs, 
federal and contractor competence, worker and public 
safety, and the relevance of the entire enterprise at its 
present scale to national security.101

With minor exceptions, US NGO arms control and 
disarmament organisations, when presented in 2010 with 
the political necessity of a comprehensive commitment 
to modernising every part of the US nuclear stockpile, 
including delivery systems and supporting laboratories 
and production plants, in order to gain the 67 Senate 
votes necessary to ratify New START, chose to actively 
or passively support the full modernisation program.102 
Loyalty to Democratic allies and to New START – despite 
the absence of significant disarmament requirements in the 
latter – were deemed more important than any concerns 
about modernisation. Modernisation commitments were 
by contrast taken very seriously by Republicans and the 
nuclear weapons lobby. Subsequent deviations from 
those promises have elicited very strong congressional 
responses, often bipartisan in the Senate, centered in the 

armed services committees. Post-New START efforts by 
NGOs to trim or postpone them have so far been largely 
ineffective, with the exceptions of the new plutonium and 
uranium production facilities, the first of which was delayed 
by litigation and subsequently canceled and the second, 
downsized under budget pressure.103 

US NGO critiques of modernisation are typically 
focused on degree. For example there is little objection 
to modernising the B61 tactical gravity bomb to some 
degree. The modernisation component that mainly has 
been considered objectionable in this case is the precision-
guided tail kit, which very much changes the character and 
potential target set of the weapon. Simpler and cheaper 
upgrades would not however be as long-lived or offer the 
novel military characteristics desired, and at this point have 
been definitely rejected. There is almost no NGO objection 
to the scale and cost of the warhead complex as a whole, 
which in effect subsidizes each specific modernisation 
program with a much larger overhead that is tacitly 
accepted – again, with some exceptions –by US NGOs, 
blunting arguments raised about cost. 

It is difficult to concisely summarize the chaotic currents of 
Congress, but those currents certainly do not run toward 
disarmament. Not one member of Congress publicly 
opposes a policy of nuclear “deterrence” and “mutual 
assured destruction” based on a triad of modernised or 
new delivery systems with thousands of nuclear warheads. 
In the United States, disarmament remains an abstract 
aspiration if not just a propaganda theme. The pursuit of 
global military dominance backed by constantly modernised 
nuclear weapons remains the concrete reality. 

The proposed “Smarter Approach to Nuclear Expenditures 
(SANE) Act of 2015” (S.831), introduced by Senator 
Markey, two other liberal Democrats, and one independent 
liberal in the Senate on 23 March 2015, is illustrative of 
the state of the disarmament and modernisation debate 
in Congress.104 This is the fourth year that Senator 
Markey (formerly Representative Markey) and his House 
colleague Rep. Blumenauer have introduced versions of 
this legislation in the House and now also the Senate. It is 
supported by many of the largest US arms control NGOs 
as well many others.105 

Successive versions of the proposed SANE Act have 
attracted little serious legislative interest. The first version, 
in 2012 (H.R.3974, 112th Congress) had 48 (Democratic 
Party only) cosponsors (out of 435) but died in the House 
Armed Services Committee without a recorded vote. There 
was no companion senate bill. In 2013, the next version 
(H.R.1506, 113th Congress) had 41 (Democratic Party 
only) cosponsors, again with no companion senate bill 
and no recorded vote. In 2014 the SANE Act (S.2070 and 
H.R.4107, with the same text but called the “REIN-IN Act” 
in the House, 113th Congress) had 13 House cosponsors 
(Democratic Party only) and two Senate cosponsors, again 
with no recorded votes in either house.106 
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This year’s SANE Act is similar to preceding years.  It 
proposes to save $86 billion over 10 years from nuclear 
weapon modernisation programs by: immediately reducing 
the number of SSBNs operated by the Navy from 14 to 
8 and delaying (but not canceling) the acquisition of the 
SSBN(X); delaying (but not canceling) development and 
purchase of a new Long Range Strike Bomber (LRSB); 
canceling the F-35’s nuclear mission ($400 million only); 
reducing the scope of (but not canceling) the B61-12 
LEP; delaying (but not canceling) development of a new 
ICBM; canceling the proposed new cruise missile (LRSO); 
and canceling the W78 LEP (meaning the warhead would 
be retired in about 2030) and the Uranium Processing 
Facility (UPF), without however providing for a safe 
uranium facility for dismantlement. None of the successive 
SANE acts have addressed the Cold-War-sized DOE 
laboratory complex, and none address stockpile size. The 
modernisation delays proposed would last until the end 
of the Act’s 10-year accounting period, after which the 
delayed work and its costs would reappear in amplifi ed 
form. The costs of interrupting work now in progress, 
e.g. on SSBN(X) procurement, would be very substantial in 
both dollar and management terms. Thus the SANE 
Act “savings” of $86 billion would be substantially, though 
not wholly, eventually forfeited in the absence of further 
legislation. 

The SANE Act, which has no legislative prospects in 
this or any foreseeable session of Congress, does 
not lay the groundwork for potential future bipartisan 
support. Nor does it address the unresolved issues of 
DOE accountability, which already attract considerable 
bipartisan interest. These defects notwithstanding, the 
lack of legislative interest in this bill is indicative of the 

wider atmosphere in Congress in which neither party has 
any visible interest in nuclear disarmament and only a 
little interest in second-guessing the executive branch’s 
modernisation decisions. 
More broadly, the post-New-START search, on the 
part of US arms control NGOs and their congressional 
allies, for the elusive modernisation “sweet spot” has 
been unsuccessful, with the exception of plutonium and 
uranium facility plans. Rapidly rising tensions with Russia, 
consciously provoked by recent US actions, have all but 
doomed such efforts for the foreseeable future.107 As one 
long-time government analyst put it, “[t]he fi ght against the 
B61-12 was lost on the streets of Kiev.”108 

Efforts to delay or rein in modernisation that remain 
within the mainstream nuclear “deterrence” paradigm of 
thousands of warheads of multiple types, delivered by 
a triad of delivery systems and including both extended 
deterrence and tactical nuclear weapons, all of which 
are supported by a large laboratory and production plant 
complex, can at best offer modest savings – so modest 
as to be hardly worth the candle. The budgetary savings 
available from a more modest B61 overhaul that would 
last only one decade instead of two and would not allow 
retirement of several other types of bombs, was not 
enough to motivate Congress to override military wishes. 
To save signifi cant sums and to motivate new political 
allies, more fundamental questions must be raised about 
nuclear deterrence policies than those being raised in 
Washington today. Small proposed policy adjustments will 
garner little attention. 
 
The main loci of government concerns about modernisation 
overreach and programme accountability more generally 
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are the two appropriations committees, which must balance 
warhead budgets with others within a fi nite budget, the 
White House budget offi ce, and fi nally the military itself, 
which as noted above has no identifi ed source of funding 
for the increase in nuclear modernisation costs expected 
in the 2020s. The nuclear weapons share of overall military 
spending must double in the 2020s, from 2.6% to 5% 
or 6%, if all the planned nuclear modernisations are to 
proceed.109 Either the overall size of the military budget 
must grow, other military accounts must shrink, or some of 
both, for nuclear modernisation to proceed. 

Budget confl icts over modernisation are already intense. 
DOE Secretary Moniz recently testifi ed that the LRSO in 
particular could be delayed as other programmes already 
have been delayed, if existing, bipartisan-enacted, military 
budget caps are not to be loosened this year.110 Whether, 
and if so how, that budget law is changed, and not the 
merits of the LRSO, may well determine that program’s 
fate, despite the fact that as a new strategic nuclear 
weapon suitable for a stealthy fi rst strike, and not countable 
under New START, there is a lot about this weapon 
to discuss. 

Current majority party proposals to raise caps on military 
spending involve massive cuts to social programs.111 The 
future of US nuclear modernisation, and of US nuclear 
weapons generally, is likely to be decided by these 
and other budget tradeoffs as well as by the impact of 
unforeseen events arising outside and independent of the 
“ordinary” policy planning process.112 

Deep cuts are possible and have been considered. By 
early 2013, DoD, senior military offi cers, and all other 

relevant agencies had signed off on a classifi ed decision 
directive that would allow negotiated cuts to the deployed 
strategic US stockpile of about one-third. With cuts to 
the hedge arsenal, an overall stockpile of 2,500 to 3,500 
warheads was possible. A negotiated cut to 500 deployed 
strategic warheads was considered but rejected.113 For 
one reason or another that plan was not implemented, but 
its consensus logic very likely remains intact, classifi ed 
though it be. Other recent proposals for still deeper cuts 
have been made, notably a detailed proposal by former 
Vice Chair of the Joint Chiefs and former STRATCOM 
Commander in Chief General James Cartwright, former 
Senator and now former Secretary of Defense Chuck 
Hagel, and other senior authors, which would in ten years 
lead to an arsenal of 900 total warheads, half of which 
would be deployed in a dyad of delivery systems, without 
ICBMs, and without tactical nuclear weapons.114 Whether, 
when, and how these proposals will inform future stockpile 
decisions remain to be seen. 

Those contemplating the modernisation programme must 
ask, does nuclear modernisation really, as some say, 
“challenge the entire disarmament regime”?115 There is 
no disarmament regime. Modernisation challenges and 
hopefully dispels the myth that there is now, or will soon 
be, any “disarmament regime” in the US, or emerging 
from any US-led process. As former Obama White 
House nuclear czar Gary Samore recently put it, “Nuclear 
disarmament is not going to happen…It’s a fantasy. We 
need our weapons for our safety, and we’re not going to 
give them up.”116 
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