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| ;' needs for electricity; an’ agrebment has been reached
- i with West Germany whlch provldee for future jolnt
" development and: constructlon ;of these ‘advanced

ql.|

!

l

|

l
1
i
{

consumption in: 11985,/

power |generating capacity: in .order |to- |meet.its

announced goal of satislying| a fourth Iof its energy
| requirements by means of nuclear powerI

I T - T AP
il TIAL - |
Pl L K
e i T T T .l
Ei ol S
AR 50 B o
i v » T S Ak

L . L/ PLANS . AND PROGRAMS
R IR

l b PBOBLF. e X 1

H I | . ' ! ' ‘ll i l"} N l B I TR t

: Lt AN ‘ Py R ot d

- i Todeter ' . lolt eFrench nuclear power prograrlnland to del'tne the roles |
i i .of e 'ystems in l-'rances1 medium and long-range energy plans :
1SS “luy gl RN O NNt o
HE ! B O TR T I 1 O}
R i :i"e[l"-“ . Aol
, BRINE i CONCLUSIONS' ! "':U, 1 A El T £
:7 ‘ . % N _:j' 4 :_x., . ; | 1 i ;‘;I i ‘ 1
1. gln ‘ltght of French

f|total energy 'than 2 years. but lmprovemerlts;ln 'fuel'perforrnan‘c_
. France 4 willl need nuclear
. .| reactors amounting to 42 000 megawatts of net electric

| This ‘capacity’ will be posslble setbacks in their fast breeder reactor program

.| provided predominantly by pressurized-v'vater reactors
b butlt by the French through 81\\ estinghouse license.

| g 1 s L

2. All activtties ln the nuclear fuel l:ycle ¢!:ither are

4

e 'll

I

| being expanded or are expected to expand in support
i of the growing nuclear’ power prog
{nuclear - fuel cycle lndustry probabl 3 wlll have
i sufficient’ capacity‘ to meet the| needs 0 the nuclear
po!wer stattons ln 1 ' §

ram. The French

e

I

il

3. France is relylng on commerclal applteatlon bf its
! fast breeder reactor system to help meet lts long-term

|

!

[

; " with| West ;Gerrnany in fast breederreactor develoﬁ-
“. I reactors. The French' 250-MWe demonstratlon fast - rr'tent will create |a slzable. lnltlal marltet for - these
breeder power plant has operated .smoothly for more systems that otherwise would not be expected
f B A l W] bl | ,!" ;lll ii"l" AmanEy .
I L i SUMMA}RY"";;[EI 1A i
ISR L G e i T AR i ‘
Frande has attlblished the} ‘goal ‘of‘ produclng a domestlc 'erlergy rr‘anrlrets can be increased sufficiently
fourth of its total energy by means of nuclear power by relatton to: use of other energy. ‘and if publi¢;
1985. Because this'goal was motiyated byadeelre for ;_criticlsm is not" permltted to hlnder the' nuclear
| energy lndependence rather than by a projected need p;rog:'am_. the 1985 goal may be reached with 42, 000
! for electriclty. there Is, nota guaranteed marlret for this MW(net] of nuclear‘ _power generatlng capacxtyr‘_“j
energy ‘ Ilf useiof‘ electrlclty ln' lioth lndustrlal and |' S
Tl TRHE I - fil , T o E
E RSN b NN IR I
A% AN R R : S ol l tll-sl,
i Ph b 1. Pl L TS FR A B
[N NTSR ERlL: | g

§ serious difficultles.[

‘and. lsteam generator design will be necessary in futur
larger plants Constructlon of a 1 ,200-MWe fals
breeder reactor prototype is expected to begin soon.’ lf ”
1t 'operates; successfully, thlsi reactor . system coul
become commercially feasible in the late 1980s. Th

French have. not ldiscussed the consequences o

it is lilrely that the} use of high-temperature reactors
nd the"recycllrlg of plutonlum in - s.andard.f,‘
p urized~water, reactors |would recetve lncreased i
emphasls if the. fast breede! reactor program runs int'

AL

4. Intematlonal l(:ooperatlon is' important to the

' I‘Irench nuclear power plans ahdr programs France; is
| donducting |most ol its uranlum; '

: under agreements{wlth both! th Thost countries and

i other forelgn partners ;lnvolvement of foreign partner{s

i llll the Super Phenlx project‘and the Eurodif uranlum

e:nrtchment venture has been mottvated by the heavy

' investmentsl requlred ! Slmtlarly. | future cooperation
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‘making 1 up the F rench nuclear fuel cycle ;'l‘ he French
nuclear {fuel cycle" industry s among the ‘most.
comprehensive in the world although as in; other
countries. itis weak in radioactive wastelmanagement
Extensive domestic uranium resources. ‘we l developed
uranium enrichment technology. and fuel reprocessing
plants give France an unusual degree of; independence
in its nuclear energy program., ‘This indebendence is
limited, however. ’by the involvement of foreign
partnerf in expensive undertalungs. i such as
construction ‘of the Eurodif uranium enrichment
plant, and by the ”development of uranium mining
activitiesioverseas in cooperation iiwith many ‘other
countries' ’-. f Hi‘ ' '!
| ‘i i Sl
For the: 'near future France will‘ ly on ressuriz -
water reactors built with technology obtained through
a license’ from Westinghouse Seeking greater control
over the' construction :of these reactors. ‘the| French .
Government’ brought about a reorganization ‘of the
nuclear industry in recent, months andlincreased the
power of the Commissariattal Energie Atomique The
relationship with Westinghouse was altered to perrnit
a greater French contribution to the pressurlzed-water
reactor technology. but France intends to maintain
cooperation with Westinghouse. in order to benefit
from US reactor operatingi experience nd to sustain
foreigrz clonfidenice i“n Frer{rch expe od]els.f lg! |
. ...ll,; il ii,',ih:

Frarlce.,which leads the world ih fast reede reactor
experience. is depending on commercial application of
its fast breeder reactor system to help éet ‘its; long-
term 'needs " for, electriclty and ,,has reached an
agreement wlth West Cermany to cooperate in this
effort. The cooperation. which probably will begin to
be implemented in late 1976 or early 197 ..will result
in an improved fast. breeder reactor technology that
will advance the current West German technology by
several years. Because West Cermany“ ivill share the
initial expense of building fast bre er, reactors. which
are |about 40 percent

| “’ 'l

i
i
1
1
i

e

'pressurized‘water 'reactors. early fast breeder reacto
: models can be introduced in greater numbers into. the;

Such a capacityi_ )
‘would nonetheless .be a significant increase from the, '
present - 2,900 MW(net) and| * would. help to reduce .
. France’s dependence on.iinported oil.". : | ARSI EReN
PR S R IR N 1 i i=:i'3;" d_evelopment and construction iof high-temperatui
T The planned growth of. nuclear powcr generating.
. capacityi is complemented by the development. .the . -
. _‘expansion. or the planned. expansion of the facilitiés -

'_,reportedly will be expanded to ;include join

JaN "jjj‘,'r"i, J:,_}:; : )
power networks of both- cobntries! Cooperatio

reactors. but France, lagginngest Germany by many’
years ln this technology. has not been emphasizing the|
high-temperature reactor in its energy plans '
R | i ! c
' IFrance hopes to bring eight 1 200-MWe fast breeder :
reactors into operation in the, 1980s. The success of the
French fast breeder reactor. however. is not assured
With ltalian and’ We'st German' participation. France'
is iust now beginning to build Super ‘Phenix,”
1, 200-MWe commercial prototype of the fast breeder
power stations that are planned for the 1980s. This
prototype has been developed from the design used in’
thF 250-MWe Phenix plant‘ at .Marcoule, ' a
demonstration plant that has operated quite smoothly
for more than 2 years. The success of Super Phenix will
require several lmprovements over 'Phenix, however;
including an, improved ‘steam generator—the
component which has caused difficult problems in the

British and Soviet fast breeder programs ‘['

i !l\nother requirement in Super Phenix which was not
demonstrated in the, Phenix plant is long fuel life
About 10 percent of the fuel imthe Super' Phenix
reactor fuel elements must be consumed .before the|
elements are replaced in' order to lteep fuel re

rocessing and, fabrication costs 'to an acceptable}
ley el Little' more ]than half that ‘consnmption is
re ched in Phenix, |and there is evidence that furthe
fuellresearch and development”will be required to
achie e the Super Phenix goals u 1 ,.‘ i iI

[ | u e
" If the Super Phenix power station operates smoothly
according| to its speclfications. the French and Wes
German partners may have a commercially feasible
fast breeder reactor systern in the late '1980s. Ther= i
no indication that th French have an altcmative plan
inic the Super Phenix encounters serlous problems;
theyi huve. concentrat their efforts on developing a
fast b eder reactor 'ystem to the near exclusion of
other ladvar"'ed systems It is lilrely. however, that
France would promote wider application of West
Germdn [high-temperature reactor technology and
wider use, of plutonium in pressurized-water reactors
- than! is, now1 planned should SuperiPhenix run into
sedous trouble I ;
i
l

ii= i,,i
I
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“The Commissarlat a lEnergle Atorr lque (CEA).

is rcsponsible forenuclear research and development
and also for production of uranium, plutonium, and
other materials needed in the nuclearifleld The CEA

developing nuclear weapons.i and militaryt applica-
tions still receive about half the annual CEA budgeted
funds.!;In the 19605, CEA's gas-graphite plutomum

development of peaceful nuclear power.| |
,!..yl|. ‘ (N]““ﬂl

il i
i Towards 's the end’| of i that‘llldecade. the

\

;‘F rench

.| Government reexamlned its power reactor. technology?
y | in light of the increasing popularlty of the US light- .
- water reactor- types.*:. The Frerich perceived light. -
' water reactors to be the! best bet! ln maintaining an
' advanced posltion n thls lmportant "high technol-
- logy." In 1960 it was decided that the expansion of nu--
. clear power generating capaclty ‘would be based on US

light-water reactor technology lUntll rebently, there

" were 'two French, Wcompanles llcensed tp build" US-
" designed reactors: ' Framatome SA ! (45! percent

Westinghouse, | | 51 percent Creusot-l..blre) theld a
licensel to ; build ' Westlnghouse pressurlzed-water

' reactors,i aud . Compagnie Generale dElectricite

(CGE) held. a llcense to build the; US General Electric
; Company's. bolling-water reactors' These larrange-
' ments included a technology exchange‘ that|would
fallow the French's access to all improvements made in
 the US deslgns.,,lThis reduced {CEA’s | role  in the
lnuclear. ' power program to the‘development of

: f advanced reactors, such ‘as the fast breeder reactor and

‘ the high- temperature reactor. and to the development :

s lJ 3 i “'Il
. ..i"‘, i RN
,r l-t 4 ; ﬁl :i i
I ‘nght-water reaetors. Includlng Jbolllng-water' reactors and
i  pressurized-water reactors..
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| DISCUSSION
.The use "of U'SJ

. cxpansion of nuc ear power. Construction of the U
subordlnate to'the Minlstry for industry and Research .

was founded in 1945 ifor the prim ry purpose of

, production reactor: design- was]}modified for, electric. -
‘i power generation and several power plants were built
| the result of an, ever-lncreaslngjcommitment« to, thev

s nuclear industry Framatome was chosen as the sole

H
reactors ; for| naval

'ordmary] water rather than heavy :
1 water and their fuels: require sllghtly !snrlched uranlum'(B pereent :

LI

: technology seeme«l
'appropriate after, .the energy |crisis ‘prompted rapi

l§

» rcactor types allowed the maximum commitment to,

“actual power plant constructlon with: the least. effor i
requlred in R&D. It.also improved France s position as '.
an exporter of nuclear power plants‘ at a time wheh
these exports would be needed to reduce the cost o ‘

: building the _large number of domestic power plant
envlsaged S ‘ !l SRR

¥ g
1
|

i l"f, o ;1; ! i ; !1 l
i The accelerated nuclean power. program decide
' uporl in March 1974 called for‘l3 power reactors to be
¥ begdn in 1974 and 1975 and. to be put into service in
g 1979 and 11980 “| he ‘plan’ s was 'to|order six mor¢
reactors. every tyear to '1980, with the goal of having
abo\lt 50 power reactors by 11985 generatlng 70 percen
of France's | electrlcltyr and |meeting 28 percent of its
totall energy needs. In January 1975 the government
decided to, tgo ahead with constriiction on 12 new
power react'orsl du'rir'rg31976;an’d 19772 but Electricite
“de: France (EDF) \sllas in a poor, position to financb
such & program and requested a'slower pace. .The
- public, which had not. beeniconsulted or notified prior
to these deeisions.l also began to have reservations.?
. Mter a revlew the ,government upheld the schedule
for! reactor constructlon through 1977 . but decided to
i avoid longer-range commitments by determlning its
* annual goals in the years to| come.® ,.’

‘ R ! : '\ | 'l‘{‘:
Illa’te, ln[ 1975 Jthe government also

"changes to be m

.
i announced
de in the structure of the Frcnch

: reactor supplier;® the French marlret could not provide
two duppliers ‘with 'enough orders to keep productio
‘costs at: an acceptable level.? Also. ‘negotiations were
begun with Framatome ] parent ‘companies to
purcl ase lfrom Westinghouse a 30-percent share to be’
held |by the CEA® IThe CEA 1was itself! reorganized
into a research grdup and a separate industrial group!:
The bbje'ctive wasI to bring’ private industries in the
nr’rclear fuel cycle (‘?otably l‘“ranlratome[ and Pechiney l
UM RIS AN I )
I'Pm;ld\;ly the constructlioni rate envlsaged was odly 2to 3

et ]

! partlcularlly 3'
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L The industrial sui,sidiaryi Is Cogema SA

‘Cenerale des’ Matieresleucleairesn lits ' m
.. -director |is Andre Giraud.? Having’ inherited all_the

.responsibillties for- production] of;: nuelean materials 1
‘needed in the nuclear fuel cycle. 8,000 em ployees. ‘and
 facilitles: throughout France.’;Cogema is/intended to -
finance a growing portion’ of its own activ liesthrough’ L
activities in, ?

T

N
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LM and to establish'a strlong unified French effortin

tp
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L) Because of ‘these | develupmentsl;Compagnie' ‘
out ; of | the boiling-water;‘,

l

:Generale | d' Electricite s
‘reactor business in France, and lig ht-water reactors (to
‘be built at least. into the’ 1990s in France) will all be of
the pressurized-water type: The: CEA hay reentered the

“power - reactor construction business.[ l.bringing ‘to
*Framatome its experience in small pressurized-water
: «propulsion ‘reactors and i otheri French technology.
o resulting : from - light-water reactor studies’ Conse-;

,quently,(the French 'Government|, ‘has | rega ned the

,switch to|US reactors. iil; S 'Q'Hi E;’. :

' l ll| f: :Zfil ‘. ,T’l !il':'?‘ -
NEW STRUCTURE OF 'NUCLEAR

e L INDUSTRY L
ol PRI
| CEA ;,Administrator 7 \has;  been
concerned since’ this appointment in 1970 with

of ‘nuclear

imore dircctly the industrial appllcation

S energy in France. At the same, 'time he has s ught to

reduce the size ‘of ‘the | organizatiorl "by“'creating
subsidiary companies to| provide various‘ production

' services. ,Gil'aud has beenlappointed toa second 5-year
¢ termto implement the recent reorganization of CEA's
Co civilian programs | into a research group‘

a'nd i wholly
owned industrlal subsidiary 8 * éi_ i

[i ‘ :
ki I

Compagnie

anaging

sales' of  materials ‘and se%rvices:.f.L.CEA

luranium exploration and rhining. uraniurr'r conversion .
‘and enrichment, reprocesslng of. lrradiated fuel land, o

llu Lt

t' remain nearly?

’radioactive waste manage v
‘ o 1] i;

laboratortes and anew lnltitute for Nuelear“ Protecti

S ey Puvenned

resulted from CEA ) expansion into the pressurized-|.
waterl reactor construction business "The CEA now|

) reorienting the CEA's activitles ;to assist and control

H

: 'l . I i ll l l i 4 lll ll l
l *The CEA's newly created Institute o Fundamental iieseal'ch is l
,iinvoived in the study of plasma physics andleontrolled .fusion.l "~
g physicl of condensed states. particle iphysics, nuclear physiee. and
,(biology I'The ‘reorganization should Improve' the : cooperation
g between CEA research groups and the National Center for Scientific
iResearch.t’ Also included in the: civilian: research group are six

t

‘unchanged These

' section dealing with the French nuclear fuel cycle
i ‘the construction of power. reactors for the domestic o
_program and for export' ‘| S

uk TheF h int | lati hi
‘involvement in nuclear industry that it ost in the 1969_ ' renc want to maintain a c ose re atonsh b

.necessity ol | obtaining Westinghouse ‘(hence US:

. Franiatome andiWestlnghouse ‘will ‘institute

~will each! cnntribute 30 milliori francs annually to a'

~ emergenicy! cooling|' bf reactor icores,

- const ruction | of advanced nuclear power ‘statlons as
|

S F

‘4

'l‘he major change in the' French nuclear industry }

holds a 30-percent share. of Framatome!! and|
reportedly will shortly purchase/a share of Eurofuel,'?|
the cdmpany set up by Westinghouse. Creusot-Loire, |
and' Pechiney-Ugine-Kuhlmann to - fabricate pres-|
surized-water reactor fuel,!? Westinghouse still retains|
15 percerit of Framatome, but. these. shares! will be;
turned over to' Creusot-Lolre| in - 1982] when _ the|
x

e !

estinghouse license expires.“ 'fl A

wlth estinghouse’after 1982 but do; not intend to..
reneulr ‘thelr license. Framatomelwants ,prospective‘}
foreign buyers to view its reactors as proven US models’’
,with Lsome small’ ”French improvements, and the
dome tic |customer, [Electricite |de- France, wants t
‘have the benefit of US operating experience ¢ Onth
other' hano, | the: French | are eager ito becom
independent in the political sense“ and to remove the;

Covernment) approval for exports ‘to Communist
countries.‘”’. 1t haslbeen proposed that in 1982
cooperation agreement taking into consideration the:;
technical capabilities of each ,at that time. In the {*
meantime, Framatome. Westinghouse, and the CEA

joint research program“ aimed at improving steam'u
generators and. at studylnglfuel element vibrations,|
and any, other'; Wl
il l 1L

i f

areas agreed, upon irLthe future 8 l
|The CEA and Crle sot-Ldire arelnow

partners in the,_

weil Theyi are, principal shareholders in the -new!
company Novatome (Creusot Loire 40 percent, Ci:‘.A;.f
130 percent iCGE 3l percent) twhich will build fas
breeder reactors arld high temperature ‘reactors.!8;
Constriiction of the‘ Phenix demonstration fast breeder !
pdwel' statidh ’and development of rthe future Super;
 Phenix plant had been carried outiby the CEA with a |
subsidiary of CGE!’ calle Groupement pour les|
Activities Atomiques Avdncees {(GAAA). | High-|:
' temperature reactor development ln France had been;’
the [provlnce of thd CEA. and al group -of Frenchj
industries \vhich were,’ adaTting iUS technology to',

;lll -..?‘H

path
.
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lslmpllfylng ‘the connectlons between {Governinent -
{ ,

g ; prlvate nuclear lnd\lshy‘il::-, :

. S

A (

European requlrements through an; agreement wlth.

" General Atomic.*’ The: establlshmentx of ‘Novatome -
centralized the French- reactor constructlon lndustry.

elopment and

energy igoals, CEA research| and-‘de

Another reason for i ereatlng,,Novat me,:was to

j facilitate cooperatlon between r[France ‘and | West
' Germany Iri the development and exploltatlon of fast
. breeder " reactors and hlgh temperature redictors.!s: In
., February - 1876, i ithe; | Frenchi| andrrWest German,‘

! Governments - agreedi ool ;nthe resources | and

subsidiary companies to undertake the constructlon of

| advanced nuclear power statlons.‘,"xNovatome ‘will be

the French’ parent companyI of any jotnt subsldlary,
b formed to .carry out|
: development and: constructlon of hlgh;temperature

the ';' agreement . Joint

reactors. will .be ithe responslblllty of 'a; subsidiary
holding a West German licenise, but these ‘activities

t

__lts ownjhigh-temperatnre reactor program. E l i

constructlon subsidiary, Technlcatome. whlch will
.contlnue its development of small French pressurlzed
water | reactors. ! Technlcatome has ’developed
Ifor| varlous
l'rench naval

ey

o
~y
[+
w
w
=
e
N
[2-]
Q.
£
0.
- —
o
”’-l
Ty
K14
- B
[ 2
_
o
-~
r:.
=€
2';.
1. X
=
a

systemslon ‘the oan marl{et.‘? ‘ ‘

la | :."l; il :'Ef""l‘

NUCLE‘Aﬂ POWER PROGR ‘

Tl hiiTo 1083, | ./
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S »H _." o
The French plan for;, energy "prod
raptdlyillncreaslng contrlbutlon from
stations,
electrlctty consumed to total energy r:onsumed"1 and is
'prepared to rely solely on nuclear powdr reactors for all
- new power stattons." The goal ls to genérate a fourth

"oalls for a
nlrclear power

jwhlle limtttng its total annual energy consumptton to
the equivalent’ of 240 mllllon tonnes bf petroleum
(MTEP).™ Although the; actual ;total energy
consumptlon in 1985 may well "v"a from thls goal,
- I 1 ¥ i! l

i

and 10 pereent

l

"l‘echnlcatome ls owned 90
by Electrtclte de France

) P
| capabilities of each. country in. these two technologles,- ‘
including ~the’ establlshmentu ‘of ilFrslnco-(.‘-erman .

d these power :

g

| France ,is plannlng to lncrease thé ‘ratlo of

must await West German declslons on lthe dlrectlon of -

., The CEA apparently}wlll retaln ts,own reactor'

- of all its energy; ‘in lruclear power sta.lons tby, 1985,

240 )

; - T R T

I
I
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\ATEP ls considered to

purposes of thls dlschsslon o l;"‘ By R
To generate 60: MTEP of e ectrlclty from ‘fucleat
plants in" 1985, France wlll
MW(net) of lnstalled nuclear capaelty.‘ This assume;
- that French nuclear power plants will have an average:

e
L ;‘ ,l
A

i
R

load factor,,of 70 pércent andl,llttle or no shutdowrl'

" time| aside from the 8 weelrs scheduled annually for;
refuellng Because the French 'have no experlence lnﬁ

s the operation of large pressurlzed water reactors, this. is;
| somewhat speculatlve and may be optmtstlc.‘ , ﬁ-. o [j
i

b | s
L

l Ttlis not”clear t at France nwtll be able to bulld

49, 000. MW(net) o nuclear plants by 1985, if only’
D because of the, uncertalnty of French - planners In'
| addltlon;‘ there’ ls| no guarantee ‘that demand’ for..

electrlclty wlll be| sufﬂclent to justll’y the projected
“nuclear ! . power generatlng capactty. The Frenc

' cstlnlated in late ‘1975 that electrlctty would have to!
lncrease its' penetration of lndustrlahmarkets by 70;

percent and resldehtlal and other markets by 18

~-Use |of. electrlclty‘ltn 1985 will have to more than!

double the consumptlon estimated for: 1975, whlle‘

total[ energy consumptlon is projected to Increase by

‘ ll|ttle moire than 40 percent I ER TS B |
o | ;

power capaclty, 'based uponl,nuclear power plan
: constructlon plans,] Is discussed in th.” following|

| I
‘ nuclear power. plants will make, the! overall Frenc

f_nuclear capaclty nearly unchanged 3*! |l TR

ot ‘H{ il

Al i :
l ‘The net capacity of exlstlng

! probably will be; leduced to' about - 2,000 Unde

| constructton are slx plants ordered before. the program:.

-iwas accelerated hese plants,’ the first of which wi
begln operatlng in 1977,°‘.;wlll add 5,500 MW(net
: ‘when complete. W
: EDF ordercd from

i "rlli'.’ .

l ' ‘Converslon from the mergy represented by a tonne of petroleum,
- to. ltllowatt-hours of electrtetty is based on'a heat value of 41 million’
BTU ber tbnne of petroleum and a power plant efflclency of 34‘-

1
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be a, firm’ value: for the1

need.| about. 42, OOC

percent in order for electrlcltyl to account for a large;
: enough fraction of total energy. consumptton in 1985.2,

PR Il l j . .' ; |,
. An examinatton of the likely 1985 Frcnch nuclear!

paragraphs.. Although the power from' several French}
'plants wlll be :shared with utilities ‘in’ nelghborlng: ‘
,countrles reclproeal arrangements lnvolvlng forelgn%._' fi .

nuclear plants is aboutr
. ’2 900 MW 23 By 1085 the capaclty 1ol' these plants

W When the program was accelerated,
] Framatome 12 plants which are‘
scheduled to be operatlng by 1981 wllth a capaclty of‘
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" generattng capacity: when colnplete Several of these mlllion dollars). up 50 percent from the cost when the

g scheduled for operatlon by 1985, Ratherl..these plants '»;;added at least 6 months to the time, of construction

! when demand I8 cloardr. This; plan would, make program management.“° ;
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. 51' Lo ;l l‘:lé i i l x [
11 060 MW(net) 2 Although these 12 plahts prnbably,} '
“were all scheduled to; be under construction before -1 5000 MWe of capaclty in"1978,2 o so that EDF
mld 1976 several .apparently."have hhot_ yet been . '-probably-will order two-1,300-MW plants and three

Cifk __ .é'l' el 900-MW plants. If these plants and those authorized

»-';'-* K "" SR TIRL EE 4 ior 1976 and 1977 are intended to become operational
Followlng thelgovernment s ‘auth orlzation for slx B ovet an |extended period then the 1985 goal of 42 000~, .
‘new, projects to ;besln in 1876, laﬂd ln ll977 EDF - | MW(net) capaclty ‘certainly’ will be mizz=2 by ceveral®!
converted l'our* 'OleﬂS to rfln“n. orders and gave thousand megawatts After stretehlng the orders fhr
_Framatome seven new orde' ‘According to most | 1976 and 1977 out to 1988, it would take six 1,300
reports ‘these plants are. 'all scheduled to be{operatlng B MW plants begun in 1978 and as many ln 1979 lo

in the early 1980s,u contrlbutlng about 11,400 reach the 1935 goal o i W

. MW(net) ‘These 'same reports correctly projected that | (| ]! i l : .
four1 or ‘five additional plants 'would be authorlzed for l’l‘lhe l-‘rench Government has been under lncreaslng
 construction in 1978 and 1979 and that. these plants pressure ‘since 1974 to reduce the pace of power plant
~would”add about 10, 500 MW of{ nl:t capacity.?® constructlon Opponents icite uncertain safety bf
Together with the planned Super Phenlx fast breeder | nuclear, plants?* and threats to the environment.? The
" power, station - and a( slmllar follow-on which is rislrlg cost of nuclear power has also been noted; as of
antlcipr ted by 1985, these plants wolrld 1malte up - January 1976 the cost of a 800-MWe nuclear powler
-about ,AZOOO MW(net) of lnstalled nuclear power ' plant was reported to be 2 billion francs? (about 450

;'. ,f ' l

. plants ‘probably ; will the completed durine 1985, expanded program was launched” Critics hadl
- however. and thus will not be contrlbutlng much to reportedly negllglble effect’ on the plan approved for
' ‘that years energy productlon‘ *l REe ll il ;l S 1976 and 1977; opposltlon at. the time was prlmarlly

: o TR AR A - restrlcted to residents protestlng local reactor sites,
.There is evldence that not all of thel orders glven ;‘The crltlclsm dld however. ’result in-- lncreased

| to Framatome under the plan for 1976 'and 1977 are | checks | and measures which have

'/ may’ come on line from' 1981 to '1988; wlth perhaps 'nov\l estimated to |be 5.5 years if no serlous problems
seven plants contrlbutlng 6,800 MW(net) by 1085. are encountered HE ISR o

"The rationale for this’ procedure. ould hef to provlde' ' '[i &3 LRI kL IBR ';_l‘!l B

'\ Framatomé with orders at'al greatlrate. ‘and,; thus to | Demands for a slowdown' in reactot constructlon

I
; reallze somewhat lowerlproductlon costs, At the same3 f may ‘have, had more influenc on the plan for 1978
|

time EDF would avold an‘lovercommltment by ! and probably allol will|' pl’ay a| greater role /In
 spreading completlon dates over a'long, perlod “'EDF determlnlng futurel plans. Already the' Government !'
’may have ordered only"a few' plants to come on llne in | has! lndlrectly acknewledged that the goal set for. 1985
the 'early |1980s, _with! the lntentlon of ordering lnay not be practldal when lt announced that long-

addltlonal plants for these years in 1978 and 1979 | term commltmentsI would be replaced by short-term
: 1 A

! lz; ,;j f e ¢

to achleve by 1985 SHEAR “ EHENE l [ g,?‘ I w',] I 1E N

b ! ’ .l {.:. ml I l L g ,The overall objectlve remalns the same, however-‘-’i

! ’l, i Gl reduced dependehce on lmported ol through rellance
ln antlclpatlon of the. govemment; authorlzatlon ~; on ‘nuclear power plants.. The extert to which thls
for orders for 1978 and 1979, EDF announced options substltutton can be effected by 1985 is'seen to be | a
on elght plants and apparently was plannlng to give ." complex functlon of lnterdependent vartables. whlch
firm: orders in 1978 for, two 1.300-MW plants and at precludes precise assessment elther by the French or by
least one OOO-MW’l plant A The Government P l I (I i f,* Lo '
: P Lt i ,l- “ il i l W " " ‘Mlscalculatlons" and eonstructlon erron® ‘have added several

1 l ¢ Bl .
. ‘Framatome requlred long' range orders upon‘ whleh to base'a | months to the construction tirme of France s first large pressurized--
two-fold expansion of its production faetlttles Ca.paclty reportedly water naetors. althou;;h the French expeet thls problem to taper off
e
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| 42,000] MW(net) very{df‘lcult
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outside observers.. lt is .probable. however. that the’f
. French  will construct at least.,34000 MW(net) of .
nucleat power generating bapacity by 1985 Itis likely
i " that plants totaling 38 OOO-MW(net) capacity will be
i1, operating by that time.!It, is possible, but not likely, -
SN that 42,000-M W(net) capacity will be reached “These
5 ;* plant capacities correspond respectlvely to production |

jof 20 percent, 22.5 percent.. and 25 percent ‘of the
i'corresponding t'igure for 1975, estimated .to be 2.5
percent shows that France will’ slgnilicantly alter its
\energy sources in favor of nuclear reactors regardless of

- Iwhether. the stated goal for 1985 is achieved' i

I N
A o e ]
l France also has plans to buildfsmallgpressurized.

‘water:reactors. The CEA' has developed these reactors
separate.. from the| French nuclear| power program,

based. on experience with their naval, propulsion .

rcactor ,i An integrated pressurized-water@ reactor.
prototype. named ,CAP,, went critical in November
1975 ‘at’i the Cadarachel nuclear research center"

“Reportedly, it will; be adapted to serve as the power

plant for‘a 2.500-ton nuclear attaclt submarine and

s perhaps for a nuclear powered helicopter oarrier

i The prototype also will be used to test' components
‘(heat exchangers. pumps,, fuel) in developing these
small’ ;reactors -for industrial applications and power
productlon ‘Technicatome: hasi‘design integrated

S seidiil!l L

, systems of up to 330 megawattslthermal (MWt) and

loop systems of up ‘to tll lOOl MWt.”, The’ 'CEA
reportedly is studying the possibility of building a 100-

MWe reactor near Gtenoble for both electrical power - |
L production and district heating a7 Similar projects may:

be conternplated for Rouen and: ’Saclay 3 Small nuclear

.~ power, plants may become most valuable | to the French’
o as an export itern. hdwever.. ‘Technicatome Is

3 marlretlng both integrated {and loop-type systems and
~ hopesito: find custorr.erslin less. developed countries
. that would like nuclear power but that cr'mnbt ‘make
L ci’fcctive use of standard, large: reactorsl ill .ll, )

lt li l'l

TR N Ea

: l The use! of low-grade nuclcar' heat lor district '

heating and the use of waste heat in coolant water for
agricultural/aquacultural lapplications” habe also

received increased attention in CEA resea rch over the -
past 2 years: The warm water issulng frorn the thid
- .and fourth Saint Laurentj power reactors, which are-
- scheduled to enter service In | the early] 19808,% Is’
‘Intended to be used for heatin[g loca

1 greenho‘usesl’!l )
ATIRE I

I ll‘i il
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S LONG-RANCE ENEIRGY g
i 1

i

*energy ‘projected to be| consumed: im 1985. The

) ordered from Framatome will consume. over thel

.domestic reserves.?? | With the ! growing demend for'

“times more eflectively than light-water reactors. which

They hope to translate this sucdess into a commercis|
.advah
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v Pressurized-water reactors. will .be built in France
well into the 1990s at least, Beginning in the 1980s,:
- however. the Frenc“i are planning to- introduce fast.

I R T
at -;r‘

breeder reactors. into commercial operation Severa
different factors contributed in varying degrees. to thd’
adoption of this plan. | ."l”l'!j‘: l; "lf‘ 1 :g ,,'r.

The most imporlant reason for developing breede ,
reactors is the need to malre more effective use of )
uranium resources
construction, light:water reactors will soon exhaust th j
world's easily mined uranium deposits; In the case of |
France, 'those reactors ‘which havel already been

expected 30~year lifetime. more than' the 62,000
tonnes of uranium: that make t up; ‘the ‘most accessibl

uranium.i mining operations will have to be expanded|'
particularly as. low'grade and 'hard-to-work deposits
are, tapped Eventually. the arrlount of low-grade ore |
that 'must. be . removed and treated to‘extract the -
uranium Iwould reach environmentally unacceptable: !
proportions if only light-water reactors were built. The:;
breeder reactor is expected to use uranium 20 to.

only lmalre use of ‘about 1 percent of the uranium
While the pr'oblem| of limited uranium supply i
generally recognizedI the date by which more efficien
reactors would be | needed  to avert severe uranium
shortages!is widely debated.* - il, _ o l
o ‘ I !

1 lflnlother reason which‘ the} French cite forfiit
aggressively pursuing fast breeder reactor development :
is ,the unreasonable demand l’oir uranium enrichment
which a prolonged light-water reactor program would
creatd “ Conversely.[ the. lower fuel cost  for breeder
reactors, which results. when ‘uranium! ‘enrichment is
subtracted ‘also pernlits a higher eapital cost for these
systems. RPN ¢ IR } i l L

| L |.] l l lI P

Th French have ad more success '‘in l'ast breede'r
reactdr development than even they had expected:

tage. perhaps ultlmately through lieense
arran ements with! [other countries as iWesting.rouse
did ‘with pressurized water reactors. France not only
intends to base ts long-range nuclear power program
on an indigenously developed system but also plans
its fast breeder re A1t is this lal
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. plans for early construction of fast breeder reactors A

,l firmly establishedlead with respect to other, Western
S suppliers would help assure a marlret‘ for: the “Initial
generation of French comme'ciﬂ.l breeder reactors. . -
Similarly, prominence | in' fast !breeder reactor
development has allowed F rance to negotiate nuclear

cooperation agreements from a: positioniof eonsider-

‘lﬁ‘; IR
4 l'f}i{ |

L Status of thc French l"ast Breeder Reactbr Program

‘“r"lli,r;ul’i"“i i
l The French fast, breeder reactor: program has been
-discussed extensively in"theiopen liteniture ' It is
;generally agreed that ther French 1,have chieved the

_'most success to date, based on the performance of the |
;250-MWe Phenix demonstration plant at| Marcoule

with few
r valuable operatrng. !
experience - which "this: | has provided will inot be: |

The plant lias operated for. mdre than'2years el

L

unscheduled interruptrons he;

{‘ i

te
The French lead is atiributedtt[o»

ijto’ good, progfam :
. -management well coordinated research‘ and. |
.development, and a minimum of different approaches :
© 'pursued.! Good program management re!sulted from
. the extension of CEA responsibrlities for. research and
' development to partrcipation in the desrgn and testing

of equipment and in the construction of the plant The
research 'and developmentl were, performed primarily
by the CEA nuclear centers at Cadarache and Saclay .
with staffs that have nott been| disrupted over the

course of the program.“ ,While the;United States has
. funded a, very broad breeder research and develop-
" ment program, exploring several possible solutions toa .
S single ‘problem and’ hoping alsotfor eventual r,spin-»-

offs,” the; French have talren a narrower approach

" Their goal was to build an economical breeder 'eactor. N

and the minimum number of steps necessary to reach
that goal were outlined and strictly followed.®, The

“role of Phenix was  to demonstrate that‘a 1sodium-

cooled’ fast breeder nuclear, powJer itation ‘could '

2 function smoothly and safely and cdmpetd with other :
~~'power! stations. Breeding perlormance {lwas| not :

rrrrr

emphasized but it was expected that plant opemtions
would ;allow an accurater n: the ‘breedin
capability”of futurei nts! pail | L
ol ;L.g,,»’éy
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g iTwo years ofj :mccess with Phenix does nol

devel oping a commercial breeder reactor station Tw
_prereqursrtes, longlfuel lifetxme and ‘an| economi
_'steam generator model ‘have vet to be achreved and

st E—

TR AT e

_‘! -
i

} :
.;‘A,.f 1

o
’ .i‘,‘i‘u""
i

-
Il

!

i
necessarily mean | that the French are close td,“

rnay be closer to realrty in the fast breeder programs of | &
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breeder nuclear power stahon is that

. Phenix has been done with constant! power outputi
"-/'according to mformatron of December 1975. 'l’h

R R

" "_The other prerequisite to developing a commercial

! breeder nuclear power station is the development of an

[

;  economical | lsteam,generator The : steam igenerator of

" the: Phemx’plant .was chosen: for‘ its |reliability and
K maintainabilny, xather than for its economic qualitres
‘It consists of 108 small modules. 36 perl steam loop,
o 1which is. not feasible for' commereial pl
< the expense The: Britrsh and the 'Soviets, ]who have
tiation breeder

i

imts because of

1large steam generators in-their: demons
*plants, have had one problem aft”er another with leaks.

. ;Plagued by mixmg of HzO and’ scdlum!at weld sites, - -
‘these plants have produced little power 'The French

hope to be spared this‘ trouble’ in- their |1, 200-MWe

. Super Phenix plant which is designed to have feur

750-MWt steam generators. The French have adopted

‘a double-weld technique which leaves a g gap between -
ithe weld that is in contact lwrth HzO on} one srde of the
- {

. l g

heat transfer surface and the weld exposed to sodium

l

" reasoning was that fuel characteristics of the Phenix
should be, estabhshed in the most controlled mode I
before tests are conducted in a fluctuating Joad.
situation! Consequently, the French reportedly cannot L

‘ recrystallization cycles inherent to the operatlon of a

: concluded a, number of agreements mvolvmg the.

'technological involvement In’ retum France agreed td

\‘ A site for the Supe!r Phenix 1 200-MWe fast breeder

.follow l ;year of successful Ioperation "of. Phenix, was

: giverr why the, autliorization ‘was delayed ‘and why
- plant constructiont

| fthe French nucleai' sector"3 are the m?st probable.

of thc'm |
transient problems which will arise when the reactor is
subjected to load| changes All expenmentatlon with

predlct with any certamty how a plant will operate
when its | fuel , has been: subjected t'to the melt—

peak‘load powerstationf" ” l‘ “ 0 z“

i 1Ca italiiing on» the success of Phenix Franee has

construction of fast breeder reactors The 1 ,200-MWe'
Super Phemx fast breeder nuclear p power station will be
a joint project with ltaly and West ( Germany Italy has
to finance one-third of the project in return for!
a cortespondmg fraction of the e!ectricity produced at

the“ plant ‘and access to French technology West“ :
iGemian partrcipatron ‘was secured on_a similar b

amountrng to.16 percent of pro)ect costs but with nd

16 pbrcent fundmgl of a future West German fast
breeder plant, to which Italy would contribute a third;
once more.®! Plutonxum for the first: core. of Super
Phenix 'apparentlyl will ‘be provnded by the three
counlries acco'ding io their particrpallon 2 ‘

wer station has| been chosen at Creys-Malville ori
the llhone. | and preliminary site worlr has’ begun.
Offieial authorization for the plant, scheduled - to

ed ln the | spring. of 1975| but has only recently
been antiounced. [A number of {reasons‘have becrl

notlexpected to begin’ until the

sdmrher of 1976. Rlsing costs"l ‘and the reorganization

R R AT D O oy

. ;;matertaltofuel a‘newldenticalmcto o b
5
l

A final area to which French englneers will have to -

g

'address themselves before " arhleving ' comr]n{err!:lal
x—-—-——- :'ii . ‘l fll} Cl l]l f l'i,l':l’ii":*iill ‘,'iy: 5

! ‘Doubling time is the time 2 takesf ‘ reactor. to bréed
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- the: extent to which the: govemment(s) are willing tb fe
1 . subsidize the , higher! cost !of} building |fast’ breede
5 r[eactors The cost of a fast. breeder reactor built in th
S early’ to mid-1980§ is estimated ito be1 at Jeast’ 49‘
SR 1 percent above that of an equivalent pressurized-wate b
L T TR T ' ireactor.?’ Escalating costs of. turanium and uramum
Probably the most important co?peration for France 'ldnrichment’ however, ,will”; reduce i the..overal
will result ; from tlief;recent,,..decision by ithe ' ldifference in cost to utilitiesth“!t build and operateth
Governments of Fran and W Gerrnany to pool ltwo typesi An . unlofficiall goal is {to ‘have 10000
! their. technologies} in’ fast breeder reactors! and high-. lrlnegawatts of installed fast breeder reactor capacityb i
temperature reactors' and tol build and ‘market them 11990,18 by]which time' low operating costs® are t
. jointly!” The French intention is to. d’“‘“"’ greater. rhake fast breeder reactors competitive | with
e initial i -demand, in’. supporting; a ! new’ ireactor pressurized-waterlreactors llt is possible that France

o manufacturer, to reduee the costs of submdizing the Wlll have a commercially feasible fast breeder reactorl
't first several power stations, and when the fast breeder . system as.ie;arly as| th e late 1980$l f]; :T' I A

| plants become’ competrtive with light-water reactors, _;1 *, ' n 1o
i : r‘]’
1

. | tocreatea strong European supplier of these advanced |
systems.®® Aside from the economic| benefits to- be . l?t‘hrrﬁlfnﬂg-nanﬁet Nuclear llTrofF‘.:tl I
d . h CLEL T P A IRIE
e:ircil:hdce ?::: v:,l;i:t Gczorrhi?ttie(:hrldl::;:hrd r;::rcei: - {;,There is \no evidence that France has planned fo
) the 'French system, . ithe possibihty that its fast breeder reactor may not be

‘may ;sigmflcantlyn contnbute to ;
| particularly if ; the ‘aren df fuel research and ;,neatl‘y for commercial application in the 1980s or tha,
Ha ICTEE ‘operating ‘costs: may not make the system competitiv

d ed.® ARL AR :
f evelopr?lentis innd‘hl‘ +i }* ig ;rL if A y t I;with pressurized-s'vater reactors. _but' one ‘resul

} & DR
Ix” Tl s ' """: '.
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: West Germany lntends to continuet edevelopmlent Pmﬁﬂbl)’ ‘would be a more extensive use of high'
+ of its own, fast. breeder ]reactor] rather {than to rely. ]temperature reactors than is now planned. France hﬂS

completely on’ the French designi Tt is’ not known ',§P“t la hmrted effort into the’ development of high'
whether ' the partlcipation' of West Germany in the temperature reactors " About 7 percent| of the 1974
| Super.’ ,Phenix project *has been”: alte’re’di by this - CEA budget for industrial applicationswasdevotedt'

) {

%:; - agreement ! the’ agreernent tm‘andot1 be ,lmplemented , ’the high-temperature reactor, as opposed to40percen_

{7 ! until an estimated 9 to 12 months of negotiations ;for the fast breeder reactor.”, In 1972, °°°P°f8ﬂ°?l

P between | i'ndustri eachi] chuntry| have' been ..,vri agreements were signed with General Atomic by thv

2 ' completed" . _;E?" N I ‘ CEIl and the High-’l‘emperature Reactor Construc-

i I IR ERNEET Id R ] MY f i i li’tlon Company, agroup of French industrles including

% © The French have not ordered an‘yff tbreeder power Creusot-Lolre (40 percent), Compagnie; Electromag. b
stations 'beyond the Supel' Phenix xplarlt 'but plans for {d | '; . Ku [

several | l 200-MWe plants have been mentloned At
“least two_1,200-MWe' fast breeder power stations are’
: planned by EDF}’ construction:iis. to| begin' in |1978

-and/or| 1979.7 || !
"werd planning to adapt the General Atomic design tp
[The French mention plans - 1rheet European 'requirementr“ the use of hig

for another every[2 years after that, 0 Lperhaps two '1 I

! “Th
- 1] -1 *The . point at whlch fast breeder reactors become competitive
plants eaeh 3 years. The French proba ly will build wwn]h! urized-wates peactors, an 4 thus sppesr commercially

' “several 2 400-1\?'We Po‘”e' ’t“lon" ha\ring dua“ 200- - "feaslble1 to. potentlalq customers, i has ibeen| estimated by
SRR MWe '“cmf’y , fl"ef“?“’ PWS"“’"‘S t° Kl'“u’ reactor . Technlcatome to be the point at which fast breeder operating costs! :
SEN capacities." ESRR Y PR NESARE i N 1[ ! : decrelue to half the opcfntlns costllorpreuuriaed-water reactorsl“

10 Hié {}
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temperature reactor field
“with | West Cermany
cooperation with‘ ‘West:

_ temperature reaciors for; producing process heat for
industrial applications such as’ coal gasification was
considered to be, further off."'; The\CEA’s high-.
temperature reactor research was pr_imarily devoted to.

Smce then General Atomic withdrew rom thehig’h-i

L and France agreed to work
. The' '*nature .of , . French

Germany probably will be .

. v.‘

defined only after’West Germany detel'mines how best
to proceed with its own program tWest Gennany also
s, adjusting its. projects and . goals because .of ‘the

L General ‘Atomic ‘decision made at the end of 1975.

’France and West Germany almost lcertainly will
_pursue | development of, the ‘West. German ‘;'pebble .
fueled ! high-temperature reactor.‘,, but| the  relative
efforts in direct helium. cyclestvs conventional steam
_ v& electric power

productron have not been decided It is! possible that

| France 'will be concentrating on industrial process heat

applications more’ ‘than in the|past‘i m] ';;l;_!-lf- -
. H 'i ,(]l[ L BRI
Another long-range nt clelarl'f i‘esearc hnd develop-
ment project that has'no firm place in ‘the French

s 'f energy plans is that of controlled fusion|

- | French industry plah to expand all ¢ areas of the nuclear

f‘

i

|

1
1o
|

{

=2l

hot" and long
lasting {to sustain a fusion reaction
Tokamak machine at CEA s Fontenay-aux-Roses

- research’ ‘center, has most recently untlergone experi-

ments in plasma ‘heating involving neutral beam

{injection of an unprecedented | power."’ A second

: Tol:amak machine, the, PETULA as been operating

SN il
*A GOO-MWe dembnstration plant of: thls.type is schéduled to be
completed in 1918” but probably will’ not,be operating until 1979

| 4l
8l

v
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O As in fusion | iesearch ev Vo h‘ o [the French_
‘- experiments seek |'to provide IinformaL

‘| behavior  of . plasmas 'which! | will Tallow! ‘eventual

. production of a plasma; sufflciently

fon:on the N

'The'zTFR a

! IR U I BT f

| smce Febmary 1975 at the CEA s Grenoble research y

center This machine was designed for experiments
involving radlo frequency heating of plasma 82 -

, ! i France will take part ina Joint European Tokama

(]ET ) pro;ect probably to be located at ‘the Euratom
. research center in lspra, Italy. 'A decision on the site is
‘expected in 1976,‘ and the. machine is to becorde
| opeiational in 1980 or 1981. 8 It is hoped that the
- machine will produce a plasma that'is\very close to
| fusion conditions'and that it will provide much of the
" information needed to design a large, expenmental
fusion reactor. In, mid-1976 the French & are expected to
, decide on. another Tokamak ifor the Fontenay-aux
' Roses center, to be, completed by 1979 in support of
| the JET*,, ’Ii‘ B i‘;' i) ifi' i
B(lecause of the!present state of the art in fusio
.resehrch .and because of | the’ long lead time
’anticipated in. k(moving from an experimentdl
: therinonuclear reactor toa commerclal model, fusion
does not playa significant role in France’s foreseeable
‘energy‘program iF i "‘ lpwi‘ I S N
ol :
! ;'i THE FBENClii NUCITEAR’FUEL CYCLE
- dEt ey el o EE RN e
, l Franlcb has a‘\’r
jcycle with. respect
(nuclear programsI

!

O
—v—

o most other| countries that have
“This. resulted from the early needs

{valubd as !well for its contribution to French energy
: independence }
!rbasonable degree 'of ! independence ] as' the French'
.nucllzar power capacity rapidly grows. the CEA and

't

fhel cycle ,The magnitude of . this, taslt 'makes total

independence inLthe Frenchi nuclear ' program~

impossible, France has' sought the' participation ‘of
many other countries in a variet)1 of projects: - y

I

All dctivities irfrl ihe nueleaIr fuel tI:ycle either are
being expanded or are expected to expand in suppo
of the growing nublear power| program. | The nuclear!

_ fuel 1cycle probably will have sufficient capacity tc
. meet the’ needs of{lthe French nuclear power stations i

18 [
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Uranium reserves in France amount to about 62 000
tonnec of uranium that is contained in ore that can bel
mined and concent trated at a cost of less than $15 pe“‘
pound lThis amount includes 37 000 tonnes of

l M IR b
ol !ij ' 1 RSN
INS TN It R

highly developed nuclear fuel'( ;

of the, French nur.lbar weapons program ‘but is now.

In order Ito assure the greatest‘
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reasonably assured resources and 25,000 tonnes cf'-'
.  estimated additional resources. About 85, 000 tonnes of
. uranium are available at twice that cost; according to -
o information of late 1975, This includes 18,000 tonnes
| lat a cost between $13 and $30 per pound in the
= reasonably assured’ category. and anadditional 15,000 . capacity by 1982
', tontes of estimated reserves in the $15-330 i range. In
-, . addition, France controls an estimated 60,000 tonnes

‘and 25, 000 tonnes in deposits in’ Niger ‘and Gabon,

]respectively These figures pertain to’ reservcs that are
iexploitable at a cost of less than 815 per pound; the
lextent of reserves ‘corresponding to a cost range up to
1830 | per pound ‘amounts to approximately an
additional 20,000 tonnes for Niger and 5,000 tonnes
for Gabon. The French are aggressively, searching for
“further deposits all'over the world, often; collaborating
'with' several other countries, .in order to maintain

'their comfortable 'position; withl urespect to uranium

E }|.

As'in years past production of uranium in 1975 was

! . 'ill

' more ‘than sufficient to meet domestic needs Facilities .

in France produced; an amountl of | 'uranium
concentrates equivalent ito 1 1,700 of elemental

" uranium; those outside’ produced 2000 tonnes .of
uranium equivalent. ,|This allowed surplusx sales of

2,000 tonnes over ithe EDF program requirements .
lFrance plans to increase output sufficiently to remain

an. exporter. although Frances ownl p'rogram will -
consume an increasing ‘share ; ’of production The

French "estimate | of - 1985 attainablel production
capacity is 3000-3500 tonnes within France and
7,200 tonnes _in : Niger .and Cabon. | The French

nuclear l power . program requirements may “reach

between 9,000 and 10,000 tonnes per ye ¢ by 1985, In
order to remain a significantl exporter of! ranium.
France will have to exploit new discoveries in Canada
‘and other countries where the French are presently
exploring for uranium. One source reports that the
French hope to produce 14 000 tonnes by 1985 L

Uranium concentrate is eonverted iby COMUR-
HEX‘ either to a metal for use in gas-cooied graphite-
‘moderated reactor fuel or to uranium hexafluoride for
feed . material at’ enrichment plants‘ '| The| latter
operation will become predominant as the demands of
pressurized-water reactors | grow . Present’ pacity for
:uranium hexafluoride production 'Is 6, 000 tonnes per.
!' "SCOMURHEX is ‘owned ; 51 . perce
; l(uhlmann and 30 percent by CEA "

B b

T l
i
1

t

i
|
!

\i i

-2, 500 tonnes per year. expanded capacity will not be i
required until the next decade,®® COMURHEX plans.;-i :
"to double present - capacity for lthe learly 1980s:™

I!.‘ |§l lilil.

year. nBecause the facility is only operating at 2, 000 to:’ ‘

ool
l {

uranium enrichment will require such a production'
l France has a lirnited capacity to enrich uranium for
light-lwater reactor lfuel ut the | 'Plerrelatte gaseous
diffusion plant. | France s’ lthus almost - totally
dependent at present on the United States (and to d
lesser extent on the USSR) for uranium enrichment
services When the switch was mad¢ from natural
uranium power reactors to light-water power reactors|
however. the French were also developing theit
gaseous diffusion technology for eventual application |
in al commerciall.low-enrichment plant.3 In. 1973
France and several other countries studied thes
feasibility of building a large gaseous diffusion planv
in Europe. The consortium called. Eurodif that finally
adopted the project is composed of France (about 43
percent) italy (25{ percent) lBelgium.,Spam and '

Irahte || A T

lrJ i

|’l‘he French plan does not seem geared to gaining
rapi independence in enrichment so much as ta
capturing as large a portion of the enrichment markef
as possible by malring use of their highly developed

‘Separative worlt unitI is a convenient memure by which to
compare enrichment;; plant, capacities | or 'the ‘magnitude o
enrichment tasks, without specifying the quantities and assays of
uranlum involved. About 0.2 million SWU are med in enriching the
uranium “needed by a 1,000-MWe reactor for the first vear of
operation Half that amount is required for each subsequent yearof !
operat on.: | | S SR

it
l

rlAl

[
#
i
i
t
i

=

I

l
b
1
!
|

St "
R A
31 ih
I {
l ‘,'
1l

[
|‘I Ve l”"’ ¥

" J
I
i

HE.
l
!
i
-
'
o}
l
i




G b

e

——

t

§~ - B

o v

| "'i,.&

L P l ) - PR I
gaseous diffusion technology After completton oi the' ’

Eurodif plant now under ‘construction, {a second

gaseous diffusion plant:probably will be built. It is |

expected that this ‘plant will be’ built in’steps, as

_dictated by the demand for enrichment’ ‘capacity, and h

cperated in" conjunction with thei original plant:

Future': plants built by France and its : partners .

robably will have to compete with centrifuge plants
now being planned in several countries Before the

-probable _establishment; of - these' more economical

plants by 1990, France and its partners can be.

‘expected’ to build as much gaseous !diiiusion
enrichment capacity as the market will allow, possibly

amounting to between . 30: million and 40 miliion_'

SWU/y SRS 11

Pressurized-water reactor fuel can be manufactured

; w [:7;.,0 I ’
‘ d

o by CERCA (equally: owned by Pechiney-Ugme-
| Kuhlmann and: Creusot Loire)” and. by: FBFC

(Westinghouse 16 percent Metallurgie et Mecanique
Nuclearies; 24 percent; and Eurofuel,“)GO percent).®

This situation is expected to change in the near future,

with one company emerging .to .supply pressurized-

‘water reactor fuel for!! the French nuclear: power

program.'® Quite. Iikely the CEA will have a greater
participation as -well. ;The facilities; of CERCA
(presently specializing in natural uranium metal fuel)
and: of FBFC probably will ‘be operated by a

subsidlary of Eurofuel. ||

. percent), Westinghouse (35 pereent).

" *Eurofuel is coniposed cif Pechlney-Ugline-Kuhlmann (31

' anatome (ll pemnt). and
Creusot Loire 3 percent)'f " bl '
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: ' France starting in 1979” and ptobabiy at:least half of West
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. Fuel reprocessmg in France is perforrned only by th

CEA A 9-year-old reprocessing plant at Cap de 13’
Hague designed  for treating spent metallic|

; N B IR

1 -A-lthough this 2.-’100 tonnﬂ}y lof calpaeity wonld iF)e

’ twice as great as, that needed for France alone in th
mid-19805 France will be't repmcesmg alarge amount

of forergn fuel as jwell.* These French reprocessm :

plants will be operated - in cooperatron with West

Cermany and theé United: Kingdom through the

company. United Reprocesors. probably at leas

through the mid» 98051‘ lt R i |

The increased capacity oi' the Cap de La Hague
reprocessmg facility almost certainly will come irom
plants built by Saint-Gobain Techniques Nouvelles_
that employ . the commoniy used Purex process.
Another process is| also being used | by the French
howiever. ina pllot facility at the CEA Fontenay-auir
' Roses . center. This facility hm reprocessed severa
l:ilograms of irradiated fuel by the fluoride volatility -

' process.”" |

; (‘-emiany s spent iuel;wtll be shlpped to France: for reprocming ;
beiote the compietton of the firsthlcommereiai West Cennanx
reprocesing plant in the mtd-lm"( :i[ L
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' Plans are reported lor adding a uranium
* hexafluoride production facility and a plutonium
. dioxide production facility at Cap ‘de_La Hague,
. © together with a waste management facility in order to .
. establish-a complete fuel recycle center at the site.%
" The manner in which plutonium from this center will
: be used has not been discussed by the French. France
. appears’ in favor of recycling plutonium in their
‘ pressurized-water reactors, .and a. quantity. of

plutonium has -already - been. placed ,in the only

- pressurized-water reactor currently operating in
France—the 300-MWe Chooz reactor—for ex- -

penmental studies.”? It is likely that the fast breeder
reactor program will have the greater priority,

" however, and that only surplus plutonium will be
recycled in pre&rurized-water reactors. . Plutonium

recycle is therefore not expected to make a significant

' impact by 1985 unless the  fast breeder reactor
f eonstruetion plans are curtailed 5

!.{{!'
. :

Waste management currently is the mponsilnlrty of

- the CEA, though private companies may become
~* more involved when the technology | progresses from
- the pilot stage. A pilot plant for the incorporation of

" high-level waste in' glass has been ‘operated
- ' intermittently for about 5 years at Marcoule It
- reportedly has produced more . than 10 tonnes of
_ radioactive glass corresponding to :700 tonnes of

irradiated fuel 8 Construction of an industrial scale

facility, capable of . . producing 20 kilograms of

radioactive glass per hour. reportedly has: ‘begun at

. ‘Marcoule. This waste treatment plant.is scheduled for
, Cperation in 1977, and.a similar plant reportedly will
:1 follow at Cap de La l‘lague9 IO -

; l it -
Medium-level waste | Is lto be i Incorporated in

bitumin, and low-level solid wastes are contained in
~‘drums and buried. l..ow-level liquids have been
. released to the environment" Do g‘{ -

l

~ l Unlike the fuel cycle for li&ght-water reactors (which B
" in the past has not beeni a cycle at all because spent
' fuel has been simply stored rather than reprocessed)'

_ system. The CEA operates a small mixed (urnnium
‘and’ plutonium) “oxide fuel fabrication plant at
P Cadarache which has. produced two core loads for the
"' Phenix reactor. A second facility at Cadarache has

,' Fast reacior fuel from the Rapsodie expenmental E

_may be available by diluting the very active mixed :
.oxide fuel and processing it in one of the two 800--]

: expanding as required to support the country’s nuclear

. be that of waste management if only because it has
Alaclted a, high' priority~ The reprocessing - and

‘ favailable ok

NN

‘Cadarache facilities at about 20 tonnes of fast breeder‘
reactor fuel per year.™ The production of the Phenix- ;

‘additional capacity, however, which could be realized -
'if France were to; sell a 450-MWe Phenix power :

greatly influence.the economics of 'a fast breeder

been designed and will be added 2 years after Super
Phenix has begun: construction. It will take 2% to i3 b
years to produce the 37 tonnes of fuel required to make
up the first Super Phenix core,” probably usmg gt
relatively clean plutonium (less than 15 percent Py- '/l
240) recovered from spent natural uranium reactor 13

fuel.® The French put the future total capacit; of the

type fuel at Cadarache reportedly has the potential for ‘

station.®® A larger’ plant capable of providing fuel for j
several l,200-MWe fast breeder reactors reportedly
will be built at the‘Cap de La Hague center and will
use the 'dlrtier plutonium produced at the center. ”; ‘

reactor and Phenix, has been reprocessed at Capde lla
Hague™ and Marcoule.* There is a small pilot line at S
Capde La Hagueé which has reprocessed Rapsodie fuel -
for 2several years.’l The French plan to have an

jed amount of reprocessing capacity at the
center to handle. the high burn-up mixed oxide fuel1-
from Super l"henixI in the early 1980s. This capacity

tonne/y plants schelduled to be operating by that time °
ln all. the French nuclear fuel cycle appears to be

power plans. The! weahest area of the fuel cycle may

refabrication of fast breeder reactor fuel may reveal
new problems as well since | little experience
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