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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.
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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.’

This posture was reaffirmed by President Frangois
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.”® 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.

500

400

300

200

100

0
1964 1967 1970 1973 1976 1979 1982 1985

1988 1991 1994 1997 2000 2003 2006 2009 2012 2015

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.

DELIVERY NO. YEAR RANGE WQ@'&'ESD ARTTEADE
a b
VEHICLE OPERATIONAL DEPLOYED (KILOMETERS) e
LAND-BASED AIRCRAFT
Mirage
1 TNA X
z/voSoMNprzs 20 1988/2009 2,750 Variable to 300 20
Rafale 1 TNA X
F3/AGMPA 20 2008/2010 2.000 WP Lnte W 20
CARRIER-BASED AIRCRAFT
Rafale 1 TNA X
F3/ASMPA 1o 20107201 2,000 Variable to 300 10
SLBME®
M45 16 1997 ~5,000 up to 6 TN75 80
x100
M51.1 32 2010 >6,000 dg e © TN 160
x100¢
M51.2 . 2016 6,000+ up to 6 TN75 A
x150
M51.3 n.a. (2020) ? ? n.a.
TOTAL 98 ~300

a  Foraircraft, 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

¢ 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.

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).
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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 1995-19961. Simulators have
proven its effective operation.”® 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.’

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).2 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.

BASE

Avord (BA 702)

2008

14.004 DAMS

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

2015

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 = Dépét 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.°

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
Etandard, but the Rafale MF3 is taking over this mission
and the Super Etandard 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
I'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 “[lless 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.”

Suggestions in 2013 that the carrier-based nuclear
capability be retired'" were rejected by the Hollande
government, which decided to retain the force.'?

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 lle 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.'®

Ballistic missiles for non-deployed submarines or stored
onboard the submarine at the lle 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

[l 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
(83 billion).™ 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.'®

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.”'®
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."’
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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?

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 (Téte Nucléaire Océanique).' 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,?° and a French audit
report in 2010 found that the unit wcost of the SSBNs had
increased by more than 50 percent.!

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.?? The Rubin-class will be replaced in
this mission by the Barracuda-class starting in 2018.

NAME OF LOCATION
FACILITY (COORDINATES)
, Burgundy
Centre(gIEEXJg/(zlsdﬂg)Valduc 47°34'37.02"N.
4°52'6.79"E)

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.?®

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 a
L'énergie Atomique et aux Energies 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).

ROLE

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

lle-de-France
(48°35'40.53"N,
2°12'0.30"B)

DAM-lle-de-France
(CEA Bruyeres-le-Chatel)

Warhead design research and computer simulation.

Centre
(47°17'26.05"N,
0°40'13.66"E)

Centre d’'Etudes de Ripault
(CEA Ripault)

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

Aquitaine
(44°38'46.70"N,
0°47'42.20"W)

Centre d'Etudes
Scientifiques et Techniques
d'’Aquitaine (CESTA)

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.

Midi-Pyrénées
(44°44°23.44"N,
1°44'3.05"B)

Centre d'études de Gramat
(CEA Gramat)

National center for studying vulnerability of
nuclear weapons systems to nuclear effects.
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Warhead design and simulation of nuclear warheads take
place at the DAM-lle-de-France (Bruyéres-le-Chéatel)
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'Etudes 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 (LID) laser
has been operating at CESTA since 2002 to validate the
Megajoule design. The Megajoule reportedly costs

Euro 3.5 billion (S3.8 billion).2* 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.®

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.%

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.

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 (5101.5 million) for
SSBN infrastructure, and Euro 450 million (5491

million) for operations,?’ 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 (S4.2 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.%

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.
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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.

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”.*
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Not surprisingly, President Frangois 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.%

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."*’
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