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THE FRENCH MILITARY NUCLEAR FUEL CYCLE

1. Introduction

Since the 18 November 1945 decision of General de Gaulle's provisional
government, all responsabilities in French nuclear matters are in the hand of
CEA (Commisariat 2 1'Energie Atomique). The first official decision towards the
militarisation of the French nuclear programme was taken in June_1956, when a
miliﬁary'division was created whithin CEA. - The final decision to build and
test a nuclear device.was taken in 1958. |

The explésion in Reggan of the first French nuclear bomb , in February
1961 already, has been made poSsible because of earlier decisions takén in 1952
and 1957. The 1952 fiveuyéarhplan was aimed at the design and.construgtion of
4 plutonium production and purification complex of a capacity sufficient to
provide weapons grade plutonium in military ﬁignificant quantiﬁies before the
end of the decade (1, p. 115). The complex was completed in Marcoule during
the five-year plan starting in 1957, which also included the first funds for
a military uranium enrichment facility to be built in Pierrelatte.

The first 3 large nuclear power stations whith became operational |
in' the mid sixties weré designed to produce electricity and at the same time
to provide a back-up to the Marcoule military reactors in case of an accident,
or, if ﬁecessary, to complement the output of these reactors (1, p- 2423 .
Sﬁnilarlf, the second French reprocessing plant which was built in La Haéue
was designed with the same concern in mind (1, p. 242).

The French‘military nuclear fuel complexe and its various back-up
Tacilities are completed and operating since the late fifties and mid si;ties,

The military division of CEA (DAM~-CEA, 'Division des Applications Militaires



du CEA") is responsibie for the design,.testing,;production,and maintenance
of nuclear warheads and the study and fabrication of nawval propulsion reactors.
.. DAM=CEA is operating 10 mgjor facilities on France mainland. . and the Pacific
.. ~.Ocean -test -range-(CEP, "Centre d'Essai du Pacifique™). (See Table 1.)
. ..o Abthough several decisions to increase the, size of the French
i, - nucleayr. arsenals have already been taken, .there is:no indication that- the
Fon . €XISting uranium,. plutenium . and tritium production facilities will be expanded
to_satisfy. the dncreasing. demand in nuclear: weapons materiais. - Furthemmore,
‘the piutonium;produaticn reactors in Marcoule, as well as the back-up reactors
in Chinon, that have not been shut-dowrn already, w%%%Q%}%?Egmg?ggﬁgﬁgéwground
11990, and there is no plan to rgpléce them.
0. itonsequently, -especially in the pé:rspeetiﬁ@-; of even larger needs
_dn case of & decision tq produce large m_r%ab@:-,of;;n@utfrm bombs ;. there  have been
(e Tecently- various speculations.on the future of nuclear materials produgtion
- " in Frapce.- For example, there have been-questions, op. the-possible.military
use of the high grade-plutonium bred in the blanket .of the Superphenix.fast
-ggUAbreedexg{ZthQraithﬁ_dmplicaﬁiaﬂs.QfLPOSSibiﬁvlﬂﬁﬁf“@?Iighm@ﬁ? of low grade
plutonium extracted. form: light water reactor spent. fuel (3. Looume Tk
In. the following paragraphs, the facilities relevant to the French
- -military nuclear fuel é}’c}@ will be described in-somg details. . Some ¢lements
«- «on the current speculatiors about the future will-be given-in a coz,lciudfin'g
o SECRAOM.- o e D e A I TR B P

... 2 Uranium mining and processing .- .-

...« France is.in the-exceptional position to be the be- the.only country
in Europe with substancial resources in uramium : 59!300 tons of. reasonably

. assured ressources, and 28'400 tons of suplementary reseurces-estimated in 1981 (4).



¢ In'total, about 2% of the known world reserves.
TLTLET s otel TUranium ore processing on: a large scale:$tarted in 1952 with ‘the

.. productien-of the first ten$ of tong of high purity. uranium oxyde ‘and metal.
In 1957, #Ke French uraniim production was arotnd 300 tons:per year &ud in 1980
uranim ore extraction frem the french t@x‘tj:‘i:br:y?“p‘rovidéd 12634 tons of uranium
metal-(4) . Most-of this.uranium is-used to fuel nucléar power: stations, but

- 'gince the' begining of- the’ French nucléar weabons-programme , the nationals uranium

. produttion capaCity Wwas always: sufficient tosatisfy the nilitary needs.
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el Ui Thee reactors.have been built iirMarcoule @uribg the late 50's
- vt ot the purpese to. produce wéapons grade plutsiiu (1, ph-117).°- These were
" fueld with hitural uranitm and mederated With'graphit®.” The heat fitm these
ireltots” could provide about” §0-MW(e): of electrical power; but the design of the
"L TeRctoYE Was optimized: totbreed at least 100 kg of plutnium per year. i |
GINE YL S0 The Firstrréactor, Gl, had a 40 MW{th) power and-was- cooledtby air
at atmospheric pressure. " It started operatifig in 1956, and was Shut down in
Lt CGliand G2y tabtéd in’ 1958 and 1939, -have @ maximm power of 240 MW(th)
*' *gath. “The cooling i provided by carbon dibxyde” st a:pressuré of 15 kg/cm.
Thel:total. amoint” of natural urandtm is 115 tons'divided intd 367000 fuel elements
of 30 an length inserted into the 1'200 horizontal channels of the moderatorr
This moderator has the shape of a horizontal axis cflinder 845 cm in length and
780 cm in diameter. The 16'402 graphite bars fiaking the moderator; the: reflector
and the back wall weigh 1'271 tons in total {5). G2 has been stoped in
D UG3 it thus” the onlys dedicatéed plutohium pro&uciﬁ'g Teattor ¢urrently in operation
oA Framees -0 0 0T il 0 volon lodneraeen S
L ooo w7 el The total maximim power of the 3 reactors: was E2G—MW-’({:§1'} Lo iﬂ.sswﬁing

that each fissioned uranium nucleus yields one plutonium nucleus,the plutonium



' output zs 1 2 kg per 1000 MWd GWW{th) day) ) Thzs glves a theoretlcal maximum

of 520 X 365 X 1 2 220 kg of plutonlum per year. ThlS glves a suff1c1ent

LT AT -

_margln to allow for down~t1me malntenance and varlous 1osses to achleve the

goal of produczng 100 kg of weapons grade plutonlum per year

Weapons grade plutonlum contalns no moTe than 6% of 1sotopes other

Ju‘ L

than Pu Thls is the case when the fuel burnup is kept below 1'000 MWd/t
The amount of uranium fuel that has to be unloaded and renrocessed is thus

520 x 365 / 1000 = 200 tons per year. Super- -grade plutenium contalnlng more than

239

97% of Pu is obtained with a burnup of 300 MWd/t and correspends than to

the proce551ng of 600 tons of uranlum per year.d Thls amount determlnes the
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vminxmum yeerly capac1ty of the teproce351nw plant and smmllarly the quantzty

BT SR TS e Eooaem I Z

; ; m
s R % AU At PRSI & B o g e

recycllng of the uranium recovered in reprecessxng
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Three nuclear power statlons have been bullt 1n Chlnon for the double
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purpose to preduce electrlalty and to produce weapons grade plutenzum 1f _necessary.
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These reactors EDF 1 2 and 3, are fueled with natural uranlum ~moderated with
£ fene N f“‘:\, ftﬂ E
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graphlte and ceoled wzth pressurlzed carbon dloxde.‘ They are. equlpped w1th

SR ST
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fast fuel loadlng/unloadlng machlnes and can operate at full power whlle the

A R

‘fuel elements are lnterchanged and extracted at the hzgh rate requlred by iow

R 4 = - :
T LT A R I et =5

\_burnup operatlon | They are normally operated at an average burnup of S 000 MWd/t,

b T
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which gives a plutonlum of poor m;lztary quallty, but 1t lS llkely that some

fuel elements are unloaded at a lower burnup 1n order to complement the output

e e I Tl [
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of Go and keep the weapons grade plutonlum output of Marcoule at 1ts maxnnwn (6}
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._Only EDE 2 and 3 are currentiy Operatlng, and 1t 15 expected that they w1ll be

Ve Ty T

shut down sometlmes ln the late 88'

The ether graphlte-gas natural uranlum fueld reactors operatlng in

wl . -

France (St Laurent 1 and 2 Bugey 1} are not equapﬁed w1th fast load/unload machines
o j g i - oF Ly o i e d 7 Lt ! B
Thelr p0551b1e contrlbutlon te hlgh orade mizltary plutonlum productlon is thus

~
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'11m1ted to the iower than average burnup fuel elements,
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o Asrde from small amounts of plutonlum.comelng from the reproce531ng

ef research reacter eemponents a p0551b1e majer source of weapons grade

| plutonlum is the blanket of the Penlx prototype fast breeder located in Marcoule.

Suellarly, the blanket of Superphenlx whrch w111 be reprocessed after an’

| equsvalent burnUP Of 1200 MWd/t w111 pOSSIblY Provzde 330 kg of weapans grade
plutenlum per year (7) e T GE ,

oo P T PR P - g o
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4. Plutonium extraction

L P s PO RN - T Tk TS

Experlence wzth plutonlum chemlstry started in 1949 w1th the‘

extractlon ef a flrst few mlllgrams of plutonlum froh uranlem fuel elements

£ LIremyywe e e

[ Pt
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g of ZOE, “the flrst French nuclear reactor

The metalllc uranim spent fuel reprecessrng plant in Marcoule {upPLy

' 15 u51ng the PUREX process and was de51gned for a capac1ty of 1'600 t per year.

= The actual throughput of thlS plant between 1958 and 1981 was of SZG t/y in

Y e T
........

everege (8) Assumlng ell of this fuel to have a burnup of 300 MWd/t the

'.« Ve e .7,11 PR ..,...,.J

total amount ef separeted mslltary gr%de'plutonrum weuld be of apprexrmately

300 % 131000 % 1.7 = 4300 kg of B0 gy T e

e g I
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\ The backeﬁp plant in La Hagne (UPZ) hes been deslgned for a capacrty

0f’400 t/y Between 1967 and 1981 1t has reprocessed an everage ef 280 tons of

o : R Pt -.;n‘. T

graph1te~gas reactor fuei per yeer [8)

PG
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The spent fhel from the prototype fast breeder Repsodle {started in

-, ey R

1967 and shut down in 1982) has been reprocessed in La Havue Slnce 1974 7

T
tons of spent fﬁel from Phenlx has been reprocessed in Marcoule end 4 tons in

La Hegue (by dlluting the fast breeder fuel w1th grephlte gas reactor fuel} (8).

The capacr;y of the UPl plant is currently been lncreased 50 that

the spent fﬁel ef all graphlte-gas reactors ‘can be reprocessed in Mercoule and
T Yoo Yot T v o - Lo

therefore the correspondlng capac1ty in La Hague can be made avallable for the

RO e

reprocessing of hlgh burnup llght water reacter fuel(8) Marcoule wrll thus
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decrea51ng the amcunt ef plutonlum requlred and hardenlng the neutron spectrum.

reprcess the lew buxnup uraalum metal fuei untll the shut down of the

remalnlng raphlte gas reactors.
RO IEC R S Tl LN s I ' - . -
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The reproce551ng of the fast breeder fuel w111 start in 198d in

T P - PR . Y e
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Marcoule w1th a demonstratlon plant {TOR) of a capac1ty of 5 t/years (8}
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reproce551ng of the Phenlx and Superphenlx blankets w111 of course easzly be
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a. Uranlum enrlchment

e UILET STt Lo En nLLn Ll Lo oLt
R e e T Tl b L Y T T T B e ST IR
nghly enriched uranlum 1s necessary for fuelzng naval propu151en
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reactors, research reactors and trltlum,productlon reactors, It is also an

JLase i O VR S RN s S P AT s
~obsoleted aiternatlve to plutonlum fer maklng nuclear weapons and has been
PLBTEOGC 9T wLY ED pmlrin ¢ oy SLoootrasr Diponarn es

used in early de51gns of i bomb trlggers.

meilel, BULTLESYT o Tw L A ol 0l T S D S R o
The mllltary uranium enrlchement blant af Plerrelatte started
i.'..,?_""" fron 4-',;”;‘ MJ’.NA; 1_'“ J,.. .: _,‘"‘f - O h,w\!i Py : e \ ..n a1 ! -:5‘;‘

operatlng 1n 1964. It is a gaseous dlffu51on plant and has a capac1ty of

Poundoh ooumis renog L e SR SREATL
300’000 SWU/year)(separatlon work uni%g‘ber year) Thls corresponds té an
R Tl P g . s P
output of 1200 kg &f 93hhenglbhed 2:SSU for an 1nput of about 300 t of natural
[ AN - L T"f."u.v.e;i SR L e i Soa wAT 0w X N Bt ST
uranium per year. 7 |
There 1s no known projet to expand the plant of Plerrelatte.‘n
However, some research is been done in the DAM«CAEMlaboratoryﬁof"iiéegiLbn
- laser 1sotople enrlchment (6}
; 6 Tritlum pééééééion aed‘extreebioh S
Lie R SO Y S L S £ P L S S S S 5% ¥ TR Y L o AR M
T LR T S T A e L N R TP b S S VRIS LI
Trztlum 15 an essentlal lngredlent of hydrogen bombs. It is ‘also
DR ; T g T I
used fnr tactlcal nuciear weapons ln whlch 1t contrlbutes boostlng the yleld
VAL T JRT 0T A madu R T Ay

Ll : . A ey
L - A A “liL - 3 I TR e

Substanc1al quantltles of trltlum are necessary for the constructlon of

: . . e a o
Eow RESEE DR Sl LT e TRy T R A T R RS

neutron bombs.
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Trltlum is produced by 1rradlat1ng lltblum w1th neutrons Instead

of absorblng a neutron 1n 238U thus glven a 239Pu HUCIGiS the same neutren

'can be absorbed in 6L1, thus glVlng a 5T and a 4He nucleus A reactor capable

et L e S

to breed 1 kg of plutonlum can therefore 1n pr1nc1ple produce 1nstead

1000 X 3 / 239 15 g of trltlum ﬁér year waever, in natural uranium fueld
reactors, uranium is both the source of neutrons (the fissile 235U 1sotope) and

the source of plutonium {(the fertile 238U isotope}. By replaﬁexng the uranium

in some fuel elements by lithium, which has a large neutroﬁ éﬁéorbtlon cross—sectlor

and Wthh is of ccurse not flSSlle the total number of neutrons in the Teactor

LI B L Y T n s ooz b

is reduced Therefore 1t is not possiﬁle to efflcently breed 1arge quantltles

ot

- vl e e s L -

Ea I X IR N
of trltlum 1n a natural uranlum erld reactcr

B T -
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The Standard method for producrng trltlum 1svthe use of spec1a11*ed

BT e Ve o n g o
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reactors erled w1th hlghly enrlched uranlum Twe such reactors Celestln 1 and 2,

ey r e ot

are operatlng in Marcoulea Thelr power is each and thelr comblned

TTIL TR nIeRLor v e

max1mum trltlum output is about _ g per'year ( 9) The 11ﬁh1umm6 1rrad1ated

,;g peon —.-,A. u ek o . i --‘r.
L

in these reactors 1s extracted 1n the DNﬁwCEA plant of eramas (10) The

. - i
N Ly f had
il =5 J‘w‘ ’._

reproce551ng of the llthlum and the extraction oL trltlum is. done in Marcoule.

7 High level waste manag%nt T LD nn wl
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Liquid wastes with a high level of radioactivity are produced during

the reprocessing of irradiated spent fuel. Placed in spec1al noncorrodlble

S P I PR

steel vessel, these liquids are cooled aﬁwn far enough 67 that the flSSlon

products they contain can eventually be solldlfled Thls process takes roughly

— ;“., e 1,: < g ‘..»

Mflve years durlng Whlch the lzqu1ds are contlnuously stlred and monltored

ca e e e -
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Since 1958 a v1tr1f1catlan process has been under development in

o2 . Co e
b i B .

'\Marcoule to cdnuertrfhe ceoled llquld waste 1nto an Lnsoluble soizd £1551on

L i o
[ A

products are 1ncorporated 1ntorbor05111cat glass Between 1969 and 1973, about

5 109 ci of waste were vitrified, produc1ng 12 tons of glass contalnlng up to



31000 Ci per liter, in a pilot plant "PIVER" in Marcoule (11, p. 166).
. . Avitrification plant with a capa;ity_gfﬂsomgf Qf,glgsgjgepVyear

- §tarted operating in 1979 :. the AWM (Atelier de Vitrification de Marcoule').

The purpose of this plant is to solidify the military waste generated by the

UPL Tepracessing, plant oyer the past 20 years and in the years to comg .(il, p. 166).
-, After J0 years of cooling in liquid fom, the high level vaste ffom

the reprocessing of 1 ton of uranium irradiated at 300 MWd/t hasqudgcgivity

%cpgﬁesggpQ%wghusW;o{§¢{;gas;f;i6‘1ﬁ?liﬁﬂﬁ_Asspm;ng,anigya;gge,fiss%gp product

Soncentration in the glass,of 1000 Ci pey, liter, the yolume of high Jevel

waste, after vitrification wuld correspond to about 36 n’.  This is comparable

to. the yearly capacity, of the vitrification plant, and. thus suggegts, that the

 ayerage bumup of the nilitary fuel reprocessed in UPL is probably higher than

the 300 MWd/t which corresponds to the production of supergrade piutonium.

.- .. Since AW started operating in 1979, 140 m) of glass have already

. been produced (8) .. In solid fom, the high level waste has a volyme. about 7

o dmes smaller than dn, liguid fomm (12), but the glass has still to be stored

in a cooling chamber in orxder to, disperse. the resigual heat caused fy. .

. radioactive disintegration., . . . .. .. ... . L

1l faater fa Lot
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8. Future needs in_ngclgar‘weapons,materials and possible implications -
- The current French nuclear weapons programme calls for the construction
- of about,.600 warheads for the M4 strategic force.(6. submarines with 16 missiles
with 6 warheads each) and 200 warheads for the future tactical missile Hades.
. The pending decisionVoq;qh@‘negtan_bpmb‘yqu;d.¢o:rq§ppndwtpwsomething between

500 and 1500 warheads. .

RV IO



T About 3 kg 'of plutoniun are needed to make one nucléar warhead
o accordmg to %ﬁodém ‘té"c'ﬁﬁolc;'gy'. The above decisions h.foulh:dk thus imply from
22500t more -5£Ha'z1'i_”?’;'000"“kg{'“of w'eé];io'ns'. grade plutonium. The size and isdfopic
coﬁlpo{_s'—itfoﬁqbf “¥heé current ﬁeaponé' gfadé“ pluﬁdniﬁﬂ ‘stockpile is ﬁéé”-‘m‘:@, but,
< fron our ‘estifate’ df paragraphe 4, it should amoint to mdve “than 3000 Kg,
L asmmg‘that the “totdl French arsenal comprizes 1o more that 400 plutonium

ot .

| EUEY Shesdifing O the decision abiout the meufron bomb, and 4ssuming a
7 pluténium production ‘capadity limited to about 100 ¥g per year, the sbove
s ‘Cait onlly*arginaly be SatiYed without ‘ar ‘dncréate in ‘Wedpons”grade
o materias product‘ldn capacity. ‘Howevér, such a conc]:ﬁsmndepends ‘o Kridwledge
- dbout Toder weapon tectmology and about thé prospect of possibie. future
% Tiggns for ‘broducing Specidl muclelr materials : weapons grade plutorium and
“tridiel o instance : | o
VL S0 2 Gart Tow grade plutonium (iie. extracted Erom 000 M/t burmup
T 5£k1)'be s o' ke nucleat wedpons and 1n ‘pRCticilar deutron borb Triggers ?

I AN L

S TanTight water reactor "p.lutdﬂiwﬁ"fﬁéz enriched by 1asér or other -
techniqiss to Vield Wweapons grade plutomium (3) 7
- Can standard light water reactors be modified easily ‘to produce

efficiently plutonium or tritium {(2) ?
| - Can fast breeder reactors provide an economically attractive means
fof prodicing weapons- grade plutoniun in their blamker (2 2 o 0

- Can new technolgies such #s accelerator breeder or hybrid fusion
LT S dackors becoms competitive ‘to fissidn reactors "'ng'd‘f;é“""thé end of the century (13) 7

T oL e
[

| THdegefidéntly of the answer ‘to’ thése questions, the' following facts
" i-re establistied ¥ - - | |

VR L The ‘reriaining graphite-gas Teactors will be shut down within 10

years or so, without any known plan to replace them. This situation is similar
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to that in all other nuclear weapons stateé were most nuclear weapon materials
production faciliéies are comeing close to the end of their 1ifé-ﬁiméwiz
- The official policgcof CEA has always been to “adjust the
prcdu&fibﬁ o%:ﬁﬁéléﬁéiﬁéépohé“matérialéﬁioréffongl&aeGﬁiﬁiﬁg riseds By
making'ﬂséaof:bfégfegéﬁﬁﬁdetih téchﬁblég&féﬁdiin-fhe civilian programmes (which
have themselves considerably benefited‘fraﬁ'the miiiié}y;prog%émméS]“in order
to Limit the correSpondify costsi (14). 0 L 7
"L The® fhst breeder Superphenix will produte 330 kg of plutonium in
its blanket which wiil;%e’}ép%otééééﬁsiﬁ‘Marcoulé:tcgefhéf“ﬁith the blanket of
“Dlenix, Wi 2 R Y1 TOAT115 Ky 65 whapons” prade plutofiiim Ber year (2).
- The qﬁggéioh{bf?tﬁéain%éracfisn Bé%ﬁééﬁéfﬁ% mifitary plitonium
needs and the fast breeder programme has been discussed in milifafﬁméircles (15}).
And, the’ YeTevans’ of thié Tast breeder to' the miblehr weapons’ programme has
been expliﬁi%%lfLéfgéed?B&fGeﬁé¥aipfﬁiry;'fOImé%wh%é&wéf'tﬁe*?%&iff&‘Ocean
nuclear weapons test range (16)** .
jzf;TTheipggsiﬁié?ﬁuiltary Usé bf the plutoniim from Siperphenix has
internaticnal lmpllcatlons because this' reaetwr is financed and COﬁStTuCted in
part by several european countrles lncluélng GermEny ahd Itaiy
h S The posslble use of llght water reactor fuel fram “La Hague hks
:E%ﬁifééﬁii%e}ié%ianazﬁ3m§iiéééfoﬁ§”as ﬁ%s%f?'fd%éfgﬁfgpénf”%ﬁéiﬁﬁa§Jbééh

ERILA P R - FE O A

reprocessed in this plaﬁfﬁéo“farf"~ Sl e

TH conclu31on, the French SLtuatlon with regards Yok 1ts nuclear weapons
material needs and supply might become 2 test ‘casé for the mﬁtéractlon between
P P .y on L Co oo TP E R <! T R I
civilian and miifitary nucledr programmes,‘wlth ¢onsiderable implicatibns on

the credibility of non-proliferation policies.

**"irance knows how to make nuclear weapons of all types and all yields. She
will be able, at relatively low costs, to produce latrge mumbers of them, as
soon as the fast breeders will provide in quantity the necessary plutonium''.
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THE MAIN -LABORATORIES, PRODUCTION PLANTS-AND FACILITIES OPERATED BY DAM-CEA

The 'Division des Applications Militaires du Commissariat 3 1'Fnergie Atomique”
is responsible for the d651gﬁ,‘test1ng, productlon and malntenance of nuciear

warheads, and the study and fabrication of naval propu151on reactors

Laboratory/plant | Staff | Function :
—_ _;5%?7?) B a — ===
Limeil — : 809 | Physics, neutronics, hydrodynamics, 0. T
Vaujours | 813 | Detonics P T
Bruy&re-Le—-Chétel ! - 2054 | Thetmodynamics- R
Valduc;Moloy : 1044 Techﬁology and metalurgy of uranium and piutonium.
e -"w‘~;» S J~Assemb1y~o£-suberitical~masses,wreﬁlectars;wmwww
CESTA (Landes) .o @814 _ N e raosgsl
Maintenance and teclnical testing
Villacoublay Pl ' S T L e w7
' 486 | Weapons testing Dows LIz
CEP (Pacific) . | . . o e e e
Miramas VP 170491 Lithium-6 extraction BT s s
Pierrefatte _Z558 Uranium—235-enrichment : _ :
Marcoule ' 1728 { Plutonium production (G1, GZ and G3 reactors)
Plutenium extraction (Reprocessing plant)
Tritium production (Celestin-1 anﬁfﬁkféﬁé%%rs)
High level waste processing
The design of naval reactors is done at Saclay and Cadarache.

‘Reference

Yves Le Henaff, "Les ammes de destruction massives et 1a politique de défense
frangaise", PRI 79/80, 1979, p. 75.
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