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Note by the Secretary of State fo¢ Energy

] Now that our thermal reactor policy is settled, we need to develop
our approach to the fast reactor.

PERSPECTIVE

2 The fast reactor is much the best understood of the new energy
technologies, capable of making a major contribution to UK energy

8 in the first quarter of the next century. From 2000 onwards
1 be moving into a period when, depending on the rate at which
nuclear programmes build up, uranium supplies will begin to

traln thermal power station ordering. Indeed we cannot rule out
ruptions in supplies earlier than forecast for political or

or because of the world energy situation. The efficiency
fast reactors use uranium could be a very important element
rategy. Our existing stocks of depleted uranium used in
could be an energy source comparable with our recoverable

~~~~~~ rves.,

st therefore make sure that by the end of the century we have
%0 us a proven technology ready for commercial ordering when
t. I believe that to do so we shall need to build and operate
> fast reactor in this country before then, subject to g
-earances and the full public inquiry which has been promiSec.
also ensure that we have access to the necessary fuel cycle

‘iimoie alternative of relying on other countries to develop the
WD e OB

% and let us hav Tcence when we need it, running down our
‘géjramme in the meani‘uie% is much less attractive. It wm;ld 1ﬁ§re
& Leadtimes involved in introducing a new technology. ‘l"‘wonce
B other countries would be prepared to let us h?'\tre gulsc;a_ke
o ‘:ée terms, which we cannot be sure about. Ang vlve gave built
® the i considerable expertise in this field whic rience
& techy 88t 25 years. The best way of acquiring expe.t

Nology of'this kind is to build it, not import it.

it
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o nstruction of

4 ons about the co a full

- lnal dGCI51_ . away . m g -8¢
2 gl Sl timing are some years away The firgt i}

¢ 3 CI
reactor and it °P1:;ty

ur nuclear industry and make a Successfy)

engthen 0 > have s ¢ Star
streng tor programme which we lready annOUnced_t on gy

ac o BB :
e §Z in to formulate our fast reactor Strategy
need to beg which existing work can continye

emework within ¥ : with otl
?osfg of our bargaining position with other countries
‘

now, Ut We
)y To
and 4o Provig,

: € t)
the mid-1970s and Will continye’¢ Pich ig ¢

worse than it was in X T A\
THE NEED FOR COLLABORATION
! tional collaboration m

. I believe that internatio ’ ust il
?ngredient of our future policy. An lr}gﬁprendent effhrt bas:gsﬂlt;a
éommercial Demonstration Fast Reactor \vD‘Fri) and its fye CyclOna
to our own design would be o3ty and risky. The UK Atomje Ene bujyy
Authority (UKAEA) put the cost at £4 billion over 20 years, ane:‘i

of £200 million a year. As with any new technology there Woulq pe ¥

a considerable risk of problems arising which we would have tg g,
on our own with consequent delays and escalating costs, And e c;i
not be sure at the end of the day of having a design which could n:
repeated with confidence.

POSSIBLE PARTNERS

7 The main possibilities for collaboration lie either with the

United States or with France and Germany who are already in partnert

supported by Italy, Belgium and Holland.

8 Collaboration with the Americans would have considerable aftr
if it could be achieved, but we cannot be sure that it is a real
option. President Carter has taken a firm stand against the ea;ly
commercialisation of fast reactors. Even if policies changed aftér
the Presidential election and the Americans wanted %o collaborratew;w
us rather than proceed independently or link up with the Ffegcu‘;mf
could end up as a minor and unequal partner in any determinét ™=

States effort.

o &
9 I believe therefore that the best prospects for collaboratvlﬁﬂ
present lie in Europe, where the French are already well ane and ¥
the construction of a full-scale fast reactor, Super Phenlxv';hether
we should open negotiations with France and Germany to S€°

we can obtain a satisfactory deal.

e

10 It would however be wrong to write off the pOSSlbl.ltltythe ne

aperican deal completely at this stage. NegotiationS "is.usl
srmens are unlikely to be concluded before the FXeS . riod

election, and we should keep open our contacts wit

v CONFIDENTIAL

Col)

LT o
SCe

€38 %

- 3 ln

%‘ta]{east until then in cage there are major developmen:’:swl'

~hates policy or our negotiations in Europe are unsuc

ATM OF NEGOTIATIONS i
e

11 In talki - bnudegl

0
t 2 1 ne i
clear what wenv%ang ﬁge French and Germans we shal ess . Tgeoffer

CONFIDENTIAL

laboratjun must be genuine. We sho
., Col mes which would enable us to draw on the
7 1w,rogreufmersy aim for a joint commercial desi
£ ou o ur fast reactor‘, when it is builg
ean series in which each reactor
a1 design and reliability and g pr

: eduction in cost., 4
ch simply continued our g L
ent which simply L line of development and only

_pangen a i
grreng Frenghrfngn?;;rtlce at the margin would be nearly as risky
dependent y

represents a progressive

;5 an in

collaboration must ‘a',l,so be a means of cutting costs, not only
,:rouég the evolution of an economic, commercial design but also {)y
.—‘—rd“‘yn&tiﬂg investment in fuel cycle facilities and by cutting out

plication in research and development and test equipment. This does

.ot mean that our partners would contribute to the actual cost of
opstruction of our {“afat reactor; b},lt the aim should be a significant
.‘;_mct;on in the overall costs of the programme and g greater con-
ridence in cost estimates for the project.

Collaboration must also be fair. We have to accept that the
?yenc‘n are in the lead on reactor development. But we still have a
lot of valuable experience, particularly on the fuel cycle, which
should be reflected in the terms we set. Our industrial interests
mst be safeguarded. If we have to make royalty or other payments
e mst get real value for money. And we must have a proper say in
the licensing of technology to third countries.

Finally, collaboration must not pre-empt our decisions on the

lining of construction of our fast reactor. It is essential that

can say to the French (and other potential partners) that we intend
build a fast reactor in this country at a time when it suits us,
e do not need to commit ourselves now to a specific date. The
iclear and electricity industries say that construction could not
«‘S;nr:efore 1985 and I believe the right date may well be later

an that.

Aot is far from certain that we can obtain a deal on these lines.
.:le‘j{‘f_ termans are keen to reach an arrangement, and there are
resers o2 t0 the French to do so too. They feel exposed in their
”3‘ lead on fast reactors; they could benefit from our expertise

Amepi ‘;‘“:er of areas; and they would not wish us to join up with the
Ticang.

BLIQ PRESENTATION
T The Fren ¢ i of our

omnj 4 ch will express doubts about the seriousness :
?ubngny' It would help to deal with these doubts if we hai %;ven
n g pOsl%f_ldleatlon of our fast reactor strategy. We will no o
0 ol gpooR, t0 make a major policy statement until the Prosge® =
, o>°ration are much firmer. But I propose before the Sumx;ls
(Ve accesmake it clear in Parliament that we believe that ‘:e'muorder
f,)do i isswzo lfast reactor technology when we geed 1:;“::1;31:113“6

Urg ; y i is co
Mo g Z te,}zough Poan. to build a fast reactor in t© 18 fove 1985; and that
.1y SXPlorin ; e . nternational co
111 8lsg € actively the possibility of inte
lbe SUbj: ress that construction of a ﬁ).ll-scale faSt reactor

¢t to a M1l and independent public inquiry.
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COSTS

of a strategy based on the collgp
18 The total ggitonly be assessed in the light of p
outlined agoxgm to see a significant reduction in the g

independent programme, or a colj

To run down our P

cost. : perhaps £1 billion or ]
t be cheaper, [ R A ess g
- on the face 05 ilf in that period the likely need for fg ey

20 years. Bu

! icies were reversed, with the
became pressing and polici . o

i cycle beginning under lic
p r and its fuel cy g1l g ence
a fcll(sitm;ﬁigtgp sharply. Re-establishing a fast reactor
wo at+ ] : o
— 'orbl\cle dllspersed, would be a long and costly exercise. Th
; recommended, : b
fxlr'g':i: course, would be a far more prudent course.

RECOMMENDATIONS

19 :
above, including:-
& (a) a strategy based on the intention to build a

full-scale fast reactor, subject to safety and an
inquiry, at a time to be decided later;

(b) a broad indication of policy in Parliament on
the lines set out in paragraph 17;

(c) negotiations with the French and Germans to see
whether a satisfactory collaborative deal can be

g 5 ab
sorbed foreign experience at the mgy gratl

rogramme and rely on a foreign 13 oer. ToUlY

Orativye
€gotia

o

'

St regey

0
stmctlon of
y the COST;
capabllity“

e str i
pased on the construction of a fast rEactging

1 seek the agreement of colleagues to the approach outline

, obtained on the lines set out in paragraphs 12 to
15.
20 Ny proposals are set out more fully in the attached note:
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MINISTERIAL COMMITTEE ON ECONOMIC STRATEGY
FAST REACTOR POLICY
Memorandum by the Sccretary of State for Energy

that our thermal reactor policy is sett

Nowoach to the fast reactor.

our appT
(3§D FOR FAST REACTOR

, Tast reactors are potentially a major energy source

‘rospect is that both we and other»1ndgstrialisegycountrlésaﬁlihseed
to be able to build them in quantity in the first quarter of the

next century as an important element in the diversification of energy
supplies. The aim of fast reactor strategy must therefore be to
ensure that we have access to the technology as and when we need

it, and that we have the industrial experience and know-how in this
country at that time to build them reliably and efficiently.

3 Fast reactors burn up the plutonium and depleted uranium pro-
duced in thermal reactor programmes, generate electricity from them
and breed fresh fuel at the same time. Their high efficiency in the
use of uranium could be very important if world uranium supplies

come under pressure, particularly for a country like the UK which

has negligible reserves of natural uranium but substantial stocks

of depleted uranium. Our existing stocks used in fast reactors could
have an energy content equivalent to 40,000 million tonnes of coal,
comparable with our recoverable coal reserves.

4 We have had a fast reactor programme in the UK for some 25 years.
A'small 14MW reactor (DFR) came into operation at Dounreay in 1959,
4 prototype (PFR) of 250MW is now in operation there and our work
?? ' fuel cycle is in the forefront of international technology.

s logical next step would be to construct a commercial demonstration
S?Zt reactor (CDFR) of 1300MW, an issue which has been under con-

03“‘.“0’,1 for some years. Expenditure is running at around

Mllion p.a.

expacy et & ‘ ' The French
(3 ountries are developing fast reactors too. e :
l)‘ipi;g %o bring Super Phenix, aPIEgOMW fast reactor, into ope’;‘}a‘.tlon
are in3 and may move to steady ordering from the mid 1980s. eyorted
by Italcollaboratiorl with the Germans as principal partners, su}ppt
tore oY (Who in practice are playing a major role in the pﬁo;::d,
St&‘ceIs)romment than the Germans), Holland and Belgium. The tn; -
Yaing o oo deferred commercialisation of the fast reactor bu aa
e 0v.VeI'y large programme running at around £300 mll;LlOn'g. .
Apryy ;et Union broughta 600MW reactor coming into operation 1 Tl
; ]"5‘181\'1\?!%‘n has a 300MW prototype under construction, and Indi
test reactor.

VATEED
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1s of programmes are 1ln Annex A

6 Further detal

1NTRODUCTION OF FAST REACTORS
s are not yet economic and there

tor!
< A in which they will be int Wnee
le in Y Troduceq cd Thajp,

about the t imesca

developed fast reactors and their g, ely
Cosﬁiaircg:%;yare at present much higher than thosee tay
Cagétors put the differential should decrease with Xper;
Iﬁgreover’fast reactors are virtually independent of theerle“%.
natural uranium and enr_lchment services, and this coulg IC)OSt of
important if uranium prices are forced up by demand e Cogc:ery
action by suppliers. rheg

The prospects for uranium supplies have been consig
?‘ecent resiew led by my Department. This concluded t e

8 Much depen

ed 15
hat oy Congey,

tive assumptions there 1is sufficient uranium in currently o,
Ay

ction cost' deposits to meet the lifetime requiren "y
:ﬁ:;:xlal reactors likely to be installed in the world byEer(t)gom il
thereafter, depending on the rate at wh_lch world nuclear pmg'mz;
build up, we shall be moving into a period when uranium SUpplies
will begin to constrain the rate of thermal power station orderi;

Moreover, we cannot rule out the possibility of uranium supplies i

disrupted earlier than forecast for political or other reasoms, iy
instance environmental campaigns in supplying countries or a s
surge in demand caused by a drop in world oil supplies.

10 The timescale for introducing fast reactors was explored ini
recent International Fuel Cycle Evaluation (INFCE). The viewof
the UK Atomic Energy Authority (UKAEA) was that fast reactors coi
become economic between 1990 and2000 if uranium prices rose Ié
but that with a slower price increase this would be deferred «:
following decade. Other delegations took widely differing viem:
The United States considered that fast reactors might not beggge
economic until after 2025, whereas the French believed that prite
could be economic by 2000 even with no increases in uraniuf I

re consmereﬂ:{
lude that by ¥

n where "¢ C.L K
need tﬂ%:

jone
into

11 Given these factors and uncertainties, which &
greater detail in Annex B, it is reasonable to conc
end of the century we shall need to be in a positio
introduce fast reactors confidently and reliably as We

with flexibility on the rate and scale of their intﬁs\é:tm.
" produci®

central issue therefore is how we can best put ours

position, given also the long leadtimes involved im %
technology.

OPTIONS

CONFIDENTIAL

Of thop ey

e could decide to build a fast
T

reactor on a baa
tion with other countrie a basis of

Sir John Hill, Chaj I
3‘ ot unt rJ Chairman
w!T.‘lDOZ: recommending *this“,k,u e Lieves. that ne Sh‘oulgf o
A8 2 an arrané;ergle?ul\il b; Am:r : ¢h and Germans. His proposals
ool t in more deta in Amnex U. Tt is however impc ;
; | X ver
setlg:r what kind of collaboration is envisaged. B gl
‘ Creat difference between a loose collaborative arrangement
i 0 6T essentially an independent effort absorbing forej

lat the margin and costing much the same as an independent
0108y ®° 3 an integrated arrangement which ainms at a Gomilon den
ficant reduction in costs. by

e

A major consideration in any Eﬁr‘:'~te€y based on the cons
g,lq 'Fa;tJreaCtor is the tim mg m;:e_fu*st priority at presZrﬁCi;on
.[rén.,thenmg the nuclear 11:musnry and ;naklng_a Success of our thermal
i‘-uci.or strategy, and we mubﬁ do notliung to divert effort or resources
oin it We have also promls_ed a wide-ranging inquiry if a CDFR ‘is
L s budlbihere, and it would be wrong f(_)r such an inquiry to be
w»1d before the PWR inquiry, likely’start in 1982, is well out of the
yay. This means effectively that if we build a large fast reactor
.t will not begin construction before the second half of the 1980s.
mhe UKAEA and the nuclear and electricity industries have advised
e that this is the case.

16 We could alternatively decide to leave it to other countries to
jevelop a commercial design of fast reactor and rely on them to make
it available to us under licence on acceptable terms when we needed

it, scaling down the UKAEA's programme accordingly, perhaps to a

level where it would still assist in the introduction of fast reactors
when the time came, or perhaps running down the programme completely.

17 These possibilities are analysed in more detail in Annex D.

he analysis, which is based on advice from the UKAEA who have con-
sulted other parties, is only illustrative and there are many varia-
tlons on the different approaches. A major factor in assessing the
Ptions is their relative costs, considered below.

DevelOPing fast reactor technology is formidably expensive.

19

“ruc(t)r_l Present UKAEA estimates a strategy based on the egrly con-
the peron,Of @ CDFR and its fuel cycle would cost £4 billion over

the
QOO“;’i‘hQO years at current prices. This represents an average of
Blectpj 1O @ year, roughly twice the present level of spend.

seity reven is pbut there would be no
08 ues would offset part of this bu e : ‘
sl igg}tmgf the project being econgmic. And there would be fman;:;al
The UKAEAfgal risks which could lead to delays and escalating COSTS.

figures are set out in detail in Table 1.

12 There are many courses open to us.

13 We could decide t i

, 0 build a CDFR of our own

;:gege!;?gntly of other countries, subject only v ing 5
é-ranging inquiry. This would allow & 837 risk

But we would A
very great, be on our own if problems arose,

ased on internat ional

A

A The

U ahope (KAEA also estimate that a strategy baned, o 2 R DN
U

ey 5 o¥i0N would cost nearly this amount.
EE bageq - 2SSumption that ou¥ fast reactor would to a large ex1l:§nt
i Oben 0" @0 independent design and supporting effort. It WOL-L
;JOn thatotus to make it an objective of intematlpna%fggii:l;r
diuced he overall costs of our strategy should be signiil
o Whicﬁ Wore closely integrated effort. This indeed is the

T am Proposing below.

/21Nes
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s costly to run down our prq

e much 1es s articul &Tamng
t to others, P arly the Frencpartl

o1 . It would b

: leave 1 ; : :
completely and 331 designs, relying on t}}e‘l‘ to give yg 8 o o
develop CO“‘g‘egcit The UKAEA's estimates suggest thay g iCeno,

e .

when we nee
be between
current prices,
was scaled down
between these figul

and £1 bill‘iontm{er }tlhehnext 20 .‘leaiost %
5 n O wnic thej 3 U
ending on the exte inig
?:ge Tables 2 and 3). But not allitra df%gramme
es and the cost of our present progpayp,‘rely
ings; there would be SUbS"tantlal Costs in et "
accrue as sgv1l§yr;ent and decommissioning of fac111ties_
P&Yment, re.ie.p-lt were decided in due couxise - as is quite L
important, 1 eactor and 1ts fuel cycle under fore; . L,
fast T e very much nearer o th ence

£300 million

agd uild 2 : ight b
over time mlg : el ooaidl
the totaltcostzased or international collaboration. Anq thegzt:.
of a strategy fficiency in first running down a fast reactoy eaﬂ
Pabi);

pe a major ine a then building it up again,

established over 25 years ax

5o Relying on a foreign licence would also invelve imparfsti

advantages.

(a) The leadtimes i
reactor technology,

backing, are lon{ .
gave us, we would ne

nvolved in introducing a fast
including the necessary industrial
However much help our licensor
ed a period of years, perhaps

¢ more, depending on the circumstances,
iodggidiﬁtgeghigs ir*rtlion,whege efficient series ordering
was possible. Tre penalties if uranium supplies were

tight could be high.

i+ is not necessarily safe to assume that a
gz‘eig ﬁcence for fast reactors will be ;*eadlly
available on acceptable terms. In a position of
urgency with perl aps only one Qrvtwo potentla%
licensors, our negotiating position would not be

strong.

i iderable
(c) we would be making no use of our consl le
expertise in fasi reactor technology. Re-estagiésmng
it once it was broken up would be a difficul

lengthy task.

the option 0{ the mos?

But it is 1

23 None of this necessarily rules out 5 :
ol1aborati®

reactors from abroad us a last resort. p
attractive option if we can obtain satisfactory
arrangements on the l:nes proposed below.

PROPOSED APPROACH it i

24 We cannot take final decisions at this stager.xeetIi t0 8 i
to negotiate and develop full proposals. But wean OO
nuclear and electricity industries guidance no¥ pelf
clearly the strategy which we wish them to folloWr,
approach in principle should be on the followl

25 Our policy should be based on the intent nen it 8%
large fast reactor in this country at a time W Ty 15 nisl
are many issues that will need to be settled 1?ear st ¥
question of timing. But what we should make ©

CONFIDENTIAL

dec1s10Y

"edt a suitable time

n XPerience gs ;

90 N e as a long-term
: &ve to rely on other

hHo o
chnology when we need it

the

not however to
endent CDFR progr be enormous]

d give us a m?t(";:‘ypr‘ Ceactior and fuel ¢
later orders

1n 1solation frop

we ough b

indep
.d woul . .
;»«E foe replicable for
no

¥ costly and risky
yele which might

the ri ?tdet reactor based on
o 81t arrangements, enable
= : of our partners and to phas
with theirs so Ur reactor represented one ir
aiming to a pro S1ive lmprovement in g one in
a reduction in cost. esign and

1aboration wou ld, if we s
mlt;: draw on the proven expe
us
our programme W
, common Serles
seliability and

B

»m 1 agree with the JKAEA and CE
wollaboration at preseat lie in
rermany who are already in part: 1p. Collaboration with the
imericans would have considerable attraction, given in particular
ineir experience with component development which is complementa

to our own work on the PFR and on the fuel cycle. Indeed the hr{f
at high official and industrial levels expressed a real intergsta i
in investigating the szope for collaboration. But it is not clear
that it is a real possibility. 1In particular President Carter h;s
taken a firm stand against commercialisation of fast reactors. Even
if policies changed after the Presidential election, the Americans
mgbt wish to proceed independently or seek a link with the French
(which would isolate us3); and even if they wanted to collaborate

iuth us, there would bz a risk of being unable to keep pace with

them and ending up as minor and unequal partners.

that the best prospects for
*?pe, primarily with France and

1€

I propose therefore that we
iﬁg?ﬂsg\a]nts with the “i“ench and Gehxxan;. The proposals which the
But ‘:ve ne:dpgt Fomard to me will provide a basis for negotiation.
S o set clear negotiating objectives and to obtain

lcation and improvement in the terms on offer.

éﬁg l'l‘he long-tern aim of collaborative arrangements

rel? g be a design of fast reactor which can be built

it 1y, meet our safety standards and produce
¢tricity at an acceptable cost.

é‘?lncgne of our mujor objectives in talking to the
desi should be closer integration,with joint

our %23 and a jointly agreed programme in which

Co labzt reactor should fit into a European series.
deve] o ration which simply continued our line of
at thepment,a-nd only absorbed French experience
indep e, n2¥8in would be nearly as risky as an

Pendent effop

(c)

Cuttige should_us(. collaboration as a means of

by Cooid-own.slgmficantly on costs, for instance

by Clnaﬁlng investment in fuel cycle facilities

devery, Uiting out duplication in research and
Puent progremmes.

/(d) .-
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safeguard our industriag]

ients between manufact

= urer
S

i ests by fo 1ent des: : £
e By £ copponent desiEn A fanutactyp;

szek to

(a) we should S°%1 agreer

ailabi
lzﬁoxfgosvitl;;l acceptable price.
seek to reduce the downpayment of
é(‘,g()) mvivilii;yolroxu}’gr which France .l‘re ais‘k m% forateiel
to their design '1r1form;1t1on>‘oxéT 11 1,\,? il v ool
at least ensure that what we (o} P,Lul» ,Or, the moneet S
‘ned and that payments are only maq
fic benefits provided by our e
and when they occurl. And there shoulq
be royalty arrangements which fairly reflect our
contribution to the collaborative arrangements,

(f) we should negotiate par:\llel a;x*ung;exzzents on the
fast reactor fuel cycle, ensuring that our expertise
in this area 1is fully reflected in the terms we obtaip

1d ensure that we have a proper say in the

(g) we shou
y to third countries.

licensing of technolog

e should preserve our freedom of decision on the
ruction of our fast reactor, a major
iority of our thermal reactor
kness of our nuclear

(h) w
timing of const
consideration given the pr
strategy and the present Wea

industry.
IMPLICATIONS FOR THE UKAEA

29 Work on the fast reactor in one form or another represents
around 60% of the UKAEA's net expenditure. The more we move amaji
the early construction of a CDFR of UK design, the more serious i
implications will be for the work load of the UKAEA. In particuler
to the extent that we succeed in our objectives of achieving &
common design, of cutting costs by eliminating duplication of res#
and development and of coordinating investment on the fast reaci®
fuel cycle, these could all be reflected in a reduction in the B
programme and in the strength of NNC's design team. We have t0¢
this. The right course is to decide what our policy objectil® o,
and how we want to achieve them, and to consider the implicati®®
the UKAEA thereafter. I intend to make it clear privately '
Sir John Hill that I see no prospect of an independen 1y ko
the CDFR without collaboration, though to make this generaiy
vggléld of course undermine his negotiating position an &

NEXT STEPS

30 As a first step I propose to speak to my opposite nlilmb
France and Germany to make clear at political level oW
to build a large fast reactor in the UK in due °°urse'mpf°
do so in close collaboration with them provide thas l1ear
can be agreed. Thereafter I will ask the National N\al-\?ld vek
(NNC) and UKAEA to negotiate at an industrial 1eyel 4 des
to me when they judge that they have secured the he We ©
can get judged against the objectives set out abOVE’
consider whether the proposals are acceptable-

CONFIDENTIAL

CONFIDENTIAL

~pcure collaboration, he et s
e secul ’ 1ndustries will 1
if W us in due detailed 11l need to prepare
g put rorward 0 1 i letailed proposals coverifné’?pmE
a r =
) the timing of construct of fast reactor
(ch in a Buropean perspec
S
the design and cost of the reactor and any
anoCi&ted fuel cycle plant to be built here:
- ’
(c) the advice of the NII on safety aspects:
’
, the site where the reactor woul ;
(d) 1d be built;
(e) the organisation which would build it;
() arrangements for financing it.

=

1f negotiations fail, we shall need to review the options which

12

}em::m open to us, 1ncludlng{ possible collaboration with the United
states or Japan or bilateral arrangements with the Germans on the

rast reactor fuel cycle. Indeed we should maintain our contacts with

the United States and Japan while our negotiations within Europe are
proceedlng.

PINANCIAL IMPLICATIONS

33 The estimated costs of various options are illustrated in
fables 1, 2 and 3. The figures have been provided by the UKAEA.

3 If we were to start
construction ot a CDFR in 1985, the UKAEA say they would need the

" :

;gllowmg addltlonal sums over and above their existing provisions

::19 Eover dz_amgn work by the nuclear industry and additional develop-
nt work in their own programme.

1981/82 1982/83 1983/84
+6 +14 +20

3 : :

flgurzge?e are inevitable uncertainties about finance. But these

Publie mwm%h have been included as additional bids in this year's
renditure Survey) should be taken as a maximum.

£;i FOne of the aims of our negotiations with
reduc?nch-and Germans should be to achieve a
ion in costs on research and development

S -
€e paragraph 28 above);

b

6(‘-“3 itg ?he extent that construction of a CDFR

1S 1ikel uel cycle is deferred beyond 1985, as

Spengd ang’ the effect will be to defer capital

ongep spread development effort over &
Period;

/(c)eee
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.
if contrary tO "W
o the Fren

to my aims a \iownpayme
h (see paragraph ggc?as

A and the electy

; £
to be made TK ! .
the UKA s
uld expect RIS ey e 3 lcit
iuwgly industry to :hlftrlt and the UKAEA tg
%igd Yheiz contribution from within thejip
existing financial provisions. The cost of
electricity supply industry’'s contributjon
is already provlded jorlln the figures
Submitted for this year s nationalised indyggp
investment and financing Treview. Tig

36 T would therefore
can be reduced or eliminated
decisions on them un

are no other known extra cost
decision to.enter into negotl

PRESENTATION

37. We will not be in a poS
until negotiations have taken
is much clearer.
doubts about the seriousness
with the negotiations I would
before the Summer Recess that
foreign technology when we ne
to build a fast reac
i unlikely to begin before 1
the possibility of intermatio

CONCLUSION

38, Our policy should be based on the intention totbuild a Mg{

fast reactor in this country

vol}aporation with other countries working in the field.
decisions can only be taken when international negotiat
complete, when proposals have been fully worked up in the i

these negotiations and when a thorough public inquiry b“nnﬁk
But this is the broad direction in which our policy should be mO%=

C

e hope that the additional bids get 0
and I propose that we shoulq ut g

til the outcome of negotiations is known

The French will however almost certainly express

tor in this country in due course though co

boye
defer
s in the PES period associ here
0 . at Tt
ations with the French. edwlﬁtE

ition to make a major policy st
A atement
place and the scope for collabmzﬁi

of our commitment; and in order to kel
propose to make it clear in Parliams
we believe we much have access to
ed it; that in order to do this we pla

985; and that we are exploring activel;
nal collaboration.

at a time when it suits us and in C0%
Final

ions are

1ight o

has
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Js OF LIQUID METAL FAST REACTOR TECHNICAL DEVELOPMENT
STAT!

IN THE UK AND WORLD-WIDE

(NOTE BY THE UKAEAz

-
quction
w/ preeder reactors dates I?ack to the ?arliest days of nuclear power
mwrcst in 1940s when the possibility of br.'eedmg was first recognised by
I srch A0 the nuclear field. One of the earliest steps was the construction of
f"’eeersi the fast reactor called Clementine at the Los Alamos Scientific Laboratory. i
< e rimental 1946 to 1953 to demonstrate the feasibility of operating a reactor
used from s, plutonium fuel, and a liquid metal coolant. The Experimental
. 'm fast neutl"ozo'1 (EBR-1) at Idaho produced the first nuclear-generated electric
- or Reactor the first nuclear electricity in the world came from a fast
. in 1951, 1e -war period, and initial studies

the UK work started in the early post 70
pactors In ts led to the design and construction of the Dounreay Fast Reactor
imen
 experim
A

ted successfully for 18 years before being shut down in 1977. —~
wich opera

i Fast Breeder Reactors (LMFBRs) now operating (PFR,
2, The prototyoe ;gggdt:;::}}erawith the near-commercial LMFBRs being built (Super— 1
perix, 1350 ?”ded (CDFR, SNR-2 and Super Phenix 2) and the test LMFBRS currently operating
mmS or dfstﬁn (EBRZ.'FFTF' PEC, JOYO, RAPSODIE), are all results of over thirty
vl b1 g :o ent work covering many topics and disciplines. There has been a
R orxd;v:momt of international co-operation over the publication and exchapge 74
ﬁ:i:ta:d experience for many .topics over the years, although there is a growing
S

rlictance to give away design and operating data as work reaches the commercial
slage,

b In this'Annex, summaries of the developments in key areas are first given for the 75

K, followed by comments on the main activities in other countries with significant
Uk programmes. a
-

T UK PROGRAMME 78
' P“‘\Wﬂysics

b Barly work was mainly directed towards compiling a comprehensive 1}bra:y10f .
Milron cross-sections. using both direct measurements with neutrons o ‘(I:n{eggal
:""5105 (differential data) and zero-energy mock-ups of power Eeag:rsreactor
Bhysi The ZEBRA reactor at Winfrith has operated since 1963, is bein accomplished.
m;‘l)cs %ata ang Calculational methods. The main task has la"'b'ej_y nothing in the 82
reaquah there are improvements which justify more study, there So eration of CDFR.
- " Physics area with the potential to impede the building or op
B, j elopment:
‘hes}:esmge"‘mus cores are currently of interest as a po;siblet;‘:tz;ﬁ:e"mepam
b ty npr:esigns Which include fertile blanket regions “thtﬁt the optimisation
;:LEhOse co:: br‘e'éding and therefore the overall economics,
Pog,

eristics of 84
Bene S not an easy task and is incomplete. Also th: ;::::::d oy i
ieneg wh:s cores is sti1) being evaluated: some features ar
l ] " compareq with standard cores.

X i 86
@"W

To
i e
A this h:cnnwici a

s
gy Been acpy
°n1 pl‘oSPesScd

ins is needed,
ty, burn-up of around 10% by heavy atoms T
eved or nearly achieved in several cou: ;er fuel in DFR to
. from the metallic fuel used as the dr Vtensive pilot
xide fuels for PFR and CDFR for HE::: g: this continuing =
N mount . In the co
PFR;)’PcS"amne ed in CFR until 1977

ne 2 wide rang d ored (now
1 e of vari d is being expl
al udj' S ariables has been an

iy orms, fuel density, !‘uei
: : e ""“"C?Wﬁ’ﬁt‘ﬁﬂﬂ‘

e : g = wﬂs-, = : 7 —
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> y b | r -
" a m ods O fuel pin Support i A
3 aterials, metl % - : and ajg
ati cladding m by e This experimental ppg “Erp
rating, a“emduved fuel fabrication routes. - xed oxi fuel dmarame Hasw
ure an bustness of the mixed oxid S >lemen 3
ot manufaztum fundamental robustne been produced and 1rr~adiate§ desl
demOnS‘ra‘iLie of mixed oxide fuels ling optimisations of cpos! b
s m e 1 Of hoi
Tonne quad - ults. Data obtain d account not only e of

satisfactory res
features for oxi
ance consideratio

plants.

de fuel for CDFR, tak
ns but also the requ

er du
In order to verify the further

. = iments w
Zr;e closure of DFR, fuel prer:;ﬂ De .
reached peak bum_“pspi: 3:3,?‘2 iri;«;di?‘ e = defectg to
stainless steel Claddlm{h little dete : runs of ppp

% burn-up wi . e
gl b s taken of performing SOME
f normal operation
vive ng
(~1000°C).

the

inder conditions’-‘»”
v i ¢ 1

very usef‘ully oo
peratures at the

opportunity wa

o
removed from thosel .
firmed that fuel.pins can sur

 — boiling point of the coolant
i the main test both K S fo" Proposed
8. PFR now provides BPSODIE, » ctors have supporte
variants. The results frofﬂ‘ 1 ;s» m currently propose to use mi xeq
—_— UK experience. For commercial U ;’NTL"\' iameter, and all use sy
oxide fuel in stainless steel P}n; D S i difference in fuel desigy
assemblies containing 290—300 pins. 'i*“) £ s and spiral wire wraps
lies in the choice of pin spacers, With
l to choose from.
! sactor core
i otype s is to uncover unsuspected
9. One main reason for Qperatlng pmtj&}iii' - y re now generally recognisel
development needs. For 1r‘\sta‘nceL ‘t».v?ﬂ ef ;z el fast reactors wereiaIEE NN
i as of major significance 1n‘tns ;Lsi ;
the experimental programme 1n uE - e : Swelling of GOfe
creep of metals. Fast neutmx") lnduc: d id ;' N o of yolds IRHNE
materials such as steels or nickel all d I;— but especially e
neutron irradiation. The swelling is ftwon:;nt cause b ben#-.
1) APy gradients of neutron flux or of tempe &5 ;!:j d(w to the slow flowin
Thermal creep is the deformation of struct : "sz\*\(«u';r‘on s pradiation li 0
of the material at high temperatures; th 0. fas L':irsg of ik temperature:
speed up the thermal creep in a manner s to the rais b
N i 4 . S el »n damage suffered m"dl‘ ]
e 10. Materials suitable for withstanding the irrad - aui mefl.ho A
core are being tested in the PFR, as are the r,;‘:c\ 1téms. The design :12;
are needed to predict the performance of core stry a1l for CDFR t0 cope
I (NPC) are likely to specify a mechanically restrained core

the bending or bowing of structural items.

Engineering and chemical engineering developments

11. LMFBR steam raising units (boilers) are generally accepticurre
major challenge in fast reactor design. Defects that have ?t e
tubes of PFR and of BN-350 have necessitated repair work; Pd‘on ope
value in the experience it has provided of fast reactor statl

d primarily

i call.
yplc‘lllyresu

12. In the PFR steam generators, attention has been dir‘ecw(t
I 25 tubes since October 1974. All leaks have been very small of sma
t of water per hour) and were detectable only by measurement 1 cases
hydrogen concentrations using sensitive instruments. In all

CONFIDENTIAL

plugging each end Js
rations

by I‘;. 14 important t
t on station ope : wnich requires e
) pility for the station to continue Operatio
da rs. Ability to do so has been confirme
nvr‘atoam generators for CDFR provide s
PFR. There has been

hat this can be done with
ase gf access to individual
N using the unaffected

The Proposed
ments based on

& experience with
1 of future com-

Ubstantial improve
very good operatin,
regarded as i

® poilers o typica
¢ designs-

of 131

1d-wide basis, there are several different desi
The tendency in the UK is favour U-tubes wit
¢ se of access to tube bundles for repair ang p
o the Caas practicable to PFR experie
4 Cl?si a large, complex hilical 1 for Super Phenix, There are alsg

o ngces of opinion on whether to adopt one large heat exchanger per loop

- economy of scale, or to choase‘a number of smallep units, making r‘epai’rs

;and increasing the overall availability of the station.

. on a wor
,:\reIOPed'

o gns of boiler being
t h small units because
eplacemen:, and to stay

France has made a bold step in

ce.

ar

[ In respect of sodium technology, the operation of man
gs over a long period have provided substantial ex
;,;;1f1cation and instrumentation reguirements of

‘ffdgg of their properties relevant to fast react

y fast reactors and of test
perience in the handling,
alkali metal coolants and know-

Oor operation, such as compatibility

flow characteristics and radiation
Engineering development has been closely related to the design of the

Notable examples have been coolant flow studies using air or water as
wrking fluids to simulate the sodium coolant, complemented by tests of complete
wponents in a hot sodium environment. For these purposes, extensive test rigs
lave been built; the two largest in the UK, the High Temperature Sodium Loop and
lie Sodium Components Test Rig, are being commissioned.

Wth reactor materials, thermal performance,
elfe

ts
cls.

b The UK materials develo
the effect of a flowing
r ]l primary and secon
Y @rry out creep ruptur
Jears in flowing sodium.

1“~U¢ﬂtlon on mass transf
tincuits,

pment programme is planned to provide comprehensive data
sodium environment on the mechanical properties of the
dary circuit materials. Equipment is being installed

e and fatigue measurements for durations of up to 2 to 3
Also the materials programme has yielded extensive

er and corrosion aspects of both primary and secondary

fel oy
Flocle

80

b, [0 Paralle)
, Pete fage re
St by buildyp
and then by
M

with reactor development, the need to develop and demonstrate the
actor fuel cycle has been recognised throughout the UK programme,
§ fuel fabrication and reprocessing plants at Dounreay to serve
Provision of a fuel fabrication plant at Windscale to make fuel
i Fecently, the DFR reprocessing plant has been modified to reprocess
One d::.ruel fabrication plant making mixed UOz-PUO pelleb»type fue.tl for
Sant ¢, 18ned to inclyde remote control conceptS and so provide experience
I the p rn ater large-scale production plants. This plant has been maer}g fuell
°n‘ror Pellets for PFR for a number of years, while a pilot plant is nearing
t?sting an alternative fuel that consists of fuel sPheres made by
0N process. These spheres are of two different diameters to
rompaction. Use of this "wet" chemical process to make the fuel
reduce radiation to plant staff. Thus data and experience of two
" Moutes Will be obtained before finalising commercial plant design.

82

84

Close

Uctio

L vie i i i 1 of waste from
rea rification processes for ultimate disposa
u;,l.id@ran es gePY‘OCessing is applicable to waste disposal for fast reactors,

©ing glven to construction of a plant at Dounreay to process

1 ea
shutdowns of units were practicable well in advance of the lexactl
reactor trip level. The repair procedure for such leaks id tube 3
that on any other steam generator (ie tc locate the affecte
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ANNEY A

Reactor Safety

B i L 8 atics of fast roa;Lors have been 3 feat
S5l intrecent years jthere has been -ncueasing internatjqy,
development work relevant to safety that is proving tq 4
i “ues of fast reactor safety are discussed in Appe

Ure

a) o
e Very

. VI' Whep,

18. Studies of th
the UK programme,
collaboration on :
beneficial. The main issue
the work carried out is described.

Operating Experience

i oty
s Thg tpzizglzg ci)rt;aa"eggzz c:)nhdenre in areas where the dct:;u,n is provep,
?eedsth\; operation of PFR, Phenix and BN-350 now cover‘i over 16 operating Years
lgsgr power reactors have CCmple’Tvé‘d many ‘“‘, e years. The ’“”Z“ifr‘ototy
have been operated as power stgtlons,‘ uT er AR nanoeuvre
and repair procedures, refuelling wow.. :\E?d Uw]:{-,, P
installations, though experimental work Das co_-le ;
time in support of the R & D programme. main le
operation are:

pe reactor station inevitably leads to pey de

pe l"eactw;‘

. S, main
1 of commercia)

carried out at th
learned from thejp

¢

EX";_:,,—:E

aSKsS

e samg

(1) Liquid metal is to be seen as a relatively straightforward process
material. Experience with coolant management including containment,
maintenance of required purity and interaction with structural

materials has been very satisfactory.

(ii) The stations have, as expected, been easy to control.

(ii1) The reliability of the major components of the liquid metal circuits
has been good. The overall availability of the reactor and primary
circuit between scheduled shutdowns for refuelling exceeds 95% in

all cases.

(iv) Fuel and component handling arrange
desirable design improvements have

(v) Maintenance operations that have had to
stations have shown that the designs I
in this respect. The inactive secondar}
size of components and the capability for
repair are important in this context.

well with other systems
uits, the relatively small
removal for out-of-pile

(vi)  Though the availability of the primary circuit has been good, the
performance of the reactors as reliable generating units has been
vitiated by troubles with the steam plant and especially with the
steam boilers.

e

20. For the UK a feature of operational experience with PFR_has b;z: tt':ese

excellent performance of the primary and secondary sodium cir‘cu%tS- ditions .

plant areas, major steps forward in size, complexity and operating ans ne 17

were taken from the limited experience in DFR and from developmé 't rlgn’xmp P

components operating in the sodium in PFR have performed well; the S0

have operated continuously since 1973 with an availability close to a

fuel handling machinery was used to load the first fuel chargeé and he react pee?

subsequent reloading operations very satisfactorily. Operation Ofle els ha¥

over the whole power range has been straightforward and radiation b en M

well below the authorised standards in all working areas. There s

maintenance problems of any concern on sodium plant. 410

2% There have, however, been i e f°°ussed atte“acqulfz”m
7 ; some features which hav d to

e w
particular aspects of CDFR design, in particular emphasising tr‘eigrels in sof?
further appreciation of thermal shock and thermal cycling condit

components under normal and non-sréaa“'ﬁ;ﬁrfﬁr¥lc nLditiODS'

Xperig,,

nd

| alsg ;
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ion to the Commercial Demonst B
ol r(iPOl/at/l—-o"‘ R e ’La.sf; Reactor, CDFR
PRI ——07 LDFR

The experience gained from Operation of DFR
?;{ahlished Lh(‘ UK ar;»a woxfld leader in fast react«;ragg-vzgle
kr'FR atten'fm” has bc‘.en lncreasingly direct, .
0 nercial S1z€ fast reactor station of about
com orence design incorporating the same basic ideas a
o ree jpis ah’”: of a deeinte 8 ‘[‘roceec,ift:scé:(ﬁetCFR was completed some
Joprovenents and modifications to the original concept have beos .o NaNY Possible
éreas these have Onb served to confirm the correctness of “heen -_‘»Wdleﬂ- o
some cases however ?Wproyements elther to cost or perform ] -
o of the mo‘re critical ?9??0“9 3 are the steam gerer"l?nce have'been g
r?plr:ce:nent, units that use CDFR design features are tjel‘r‘ oot
i iy & manufactured fo

; construction of PFR

ment., Si i

e olnce complet

12:; fiﬁe qeslgn and constructign oIl"O:
20 MW (E) based on this experience

S case
Jatio r instal-

and number of uni S used r these 1
T n
i (¢} 1eSe anc

5 One important variation is the
her primary circuit components: a compromise has 1

ort?v. IIa‘avour‘uc‘l on construction cost ground and”:;eﬁ;?e:iztzscz bsnsar t?}e g
possible from the unit size used on PFR so as to make tH; sm llepart as'llttle ™
polation from direct PFR experience. In general the opérali: EStﬂPO'SSlble‘ .
these components are no more onerous than they are for PFR ang iCOl’_!-ltl?nS &g
cases haye been mgde rather less onerous Dy a reduction in the s:z::dtz:p:in{

m ature

a
fron 540 C to 490°C. The fuel pins have the same rating in the two reacto i

rs and
to be repeated almost exactly

the general performance of fuel in PFR is expected
in CDFR.

Summary

2-’44. lTh.e UK has been an acknowledged world
‘Aegzjgg cugmgtwh;ch the fast reactor has been extensively studied and developed

cod understanding of the technology of the com i :
ot ) mplete station has been su d
‘:;v’_‘?xp.:zuence gaine{i from the UK's thermal reactor programme so that the mp()pi:ment&
¢ll placed for moving on to the construction of a commercial sized reactor.

leader during most of the 30 year

\SEAS DEVELOPMENTS

Jw::;‘:el; ior}tlnental Western Europe is now proceeding under a series of
velopner it 1 go??‘!egts betw?enﬁFrar.ce, Germany, Italy, Holland, and Belgium.

i the t@;" ? vanced in France x_\vhere work on fast reactors started in the
ix (250 i'f‘v;’ (é)b_ ast reactor Rapsodie at Cadaraghe. A prototype power reactor
P Phenix at e D?Ol—.type)'at Marcoule went cr}tical in 1973 and the 1200 MW (E)
1982, It ig ben};s ‘biallvule 1n_Fr.“ance was beggn in 1977 and is due for completion
rovide the heie g built as a ngt ‘ve{)tgn‘a with 5 European partners. In order
oibe Sxphader t(s)sar*y reprocessmg facilities the COGEMA plant at Cap la Hague

cope with fuel from at least 3 Super Phenix-sized reactors.

‘0 p,

5 ¢

Wor
?a; Li(ipatljgnor; fast reactors in the Federal Republic of Germany has included
t-ragraph) ang 2 2 collaborative projects, Super Phenix (as mentioned in the previous
< COllabor‘ationpr?totYDe 300 MW (e), loop-type, fast reactor at Kalkar, SNR 300
'y the Zoth Holla.\nd and Belgium), currently under construction. It has
-'*‘J"E e). JAs A ?Structlon of the small experimental fast reactor , KNK II

““essor tq SNR 2 Of the collaborative arrangements it was envisaged that a

300 to be called SNR 2 would be built in Germany .

1.’1Cluded

_ Work ]
fu’el'“‘fih Cent‘:z ::eanat}Onal level in Italy is taking place at the national nuclear
fag . Ments 4 undraslmone where a 130 MW(t) fast reactor for the testing of

The Beeagtop Proje ter construction. Italy has been a junior partner in the French
ta)) 0813n nuclea; -rol‘ many years, sharing in R & D and in component development.
anq 202‘; One staty industry's tentative plans for the introduction of fast reactors

on between the years 1995 and 2000 and 2 or 3 more between 2000
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Arogrammes way in the US
28 Other major fast reacw:qrﬁOFL;‘C“ = ration P‘l“tv((*'jl‘;pi“kthe USsp
<O. arly g s he US AL, ,‘,;‘ N1gh ri Ly
Japan and India. Ingthejeansy osed constru n of the 350 MW(e) L
> ¢ T REACTOR

e and the prop

Tenr

inter

which - NEED fOR THE FASI

on the LMFBR programm i
reactor (CRBR) at Clinch River,

Mor

v 1980. More
fast reactor concept bf 7 T ma fast reactor is
def d the introduction of the use ol ess e L " :
eferre e e 3 e and g .nability of aking +1
the commercialisation of fast reac very s tLHIBR Dr‘orrc Clooanen tr«y nex anitiin
> I = Q ry s\ : am ~ of 1e next «
S % UsS ¢ 1 €ry substanti ot dlne uarter 01
i debated, but the Q80 "NL1al fag o | uncertain
is still being  bc.US Department 19 shows 2590, ast -arce and uncertain i J——
: reactor programne; fast st o (230 thormal reactor PrOgr
for such work and a large R ¢ Facility i
b a 128 n February 17 L C \ =
of 400 MW(t) became O[xCI\Lthl.cyl ,L'{ € " .. - w11 °N. The : Lnium Supj ly and I 1d
large expenditures on fast reactors o ; vil and Nava)) p,. e
given a wide range Bl e ek up on fast ! whene 3}5 This giye, ,, The future prospects for anium suppl MO b8
the USA considerable ability to catch Up =0 B S whenever theip necdifie ore studied in the re interr 1 the non communist w
e Uo . VI " TR ambnh le BEvaluation ( F
it becomes widely accepted. mable A). INFCE emph T s é‘lfluxdg; -
PS . nuclear generating c of \‘I"i!“x;r;]w' ng the growth
29 The USSR have a strong commitment to fast 1 ) Their first major tho next Pifty years. 1ium production possit
experimental fast reactor, the BR 5 of o "¢ L Obninsk some 20 yeaps 10
Kpe ' N - e ed v a 1 ot n 1/ O ~ed <
ago and is still operational. Thls We g ! tor, BOR 60, ang SiECRpocgeet 4 uclear gen
a prototype reactor, loop-type (B vey ) ian Sea which 1 F‘»” Ln‘f’ nnnqcommum'v t . e i < i ;4 —
came into operation in 1973. BN 25 ST tons of water | i, LiOO g Wi case projoc:‘uon"or
er day as well as to generate 150 Mvi(e) The first commercial- rising to 1200 GW by 2000 and to 3900 by sl e
. : tor to be built in the U MW (e) pool-type) commencei ince these projections were made si st that, at least £ .t” . gl
& e g | .ase should be regarded as the more realistic g a8y for ithe year 2000, Jii
—

scale fast reac

operation in April 1980 at -Beloyarske ]

I . vall
* plans for a 1600 MW(e), pool-type fast etion in 1989 (work would 1. INFCE made a number of project

onfiden I e -
c tly expect the not only on growth in nuclear

nnual uranium requirements. These de
also on the reactors s

b start in about 1982), also at Beloyarsk; 0
majority of their nuclear programmes after of fast reaciipy in the non communist world., wttie anibibeboia S e 74
without reprocessing — the pr b=l o idespread use of th
30. In 1968 the Japanese Governm lan for the development of pro jected io rige ‘.;OI“ .:QLV)O‘O"( e J"‘“;: ic‘ dchh?c: uranium requirements were —
the fast reactor which would lead to f a prototype reactor with 60,000 tes/yr in 2025. SRS D to 135000 tes/yr in 2000, and to
o | the aim of reaching the commercial s half of the 1980s. This
plan involved the construction of a 1 reactor ”@10) for use + Currently lnown uranium r >s total 5 million tonnes 16
as a fuel and materials testing tical in April 1977. onts excluding explore ?:‘r/\’,{lhzo/v— . n.ne:. I_“mﬂ 1“ at 3)?’,1‘&(“(‘.0: o
- i taat d 1 ~type, prototype term contract prices of a = 1t )p130/kg, compared with present long :
The next step is the design and loop-type, Pro Nilit Nnt prices of around « International studies have identif a
(MONJU) by 1986 and this is intended sibility, andirERee urther 6.6 to 14.8 MT of speculative resources, but production ;ro"\ tna.i?lil?é 2
t S ary fuel cycle these is not likely to be possible until after 2025. INFCEs }I‘Ol.l]ect;or;‘z;"l oA 78

1 resources rise from 50,000 tcs in 1980 to

of the system. Research and deve - e %
‘1low MONJU is alreads Ximum annual production from km

activities for the demonstration r E eak of 120000 t
under’ way. Profuction! frcn tcs in 1995, - to 35,000 tcs in 2025. Estimates of maximum
¢ the from currently speculative resources are uncertain. |
3 3 1 is n at W L
31. Fast reactor research and develop i) unQertzk‘;t reactor 80
s Reactor Research Centre near Madras where a fast breeder er'nge
1 . : : . all
and other support facilities are being co of the 10251" will be ' AR
. . . s M » At Lhe N - s ect h
objective of thorium utilisation. It test reac sop reac US Department of : e : ATIOREEIR S LTSS Ol Y
——— 5 i i i exD ts i necti with a larger “- ould be ) Energy, used in INFCE, suggested that total annual production
operating in 1981 as a test-bed for exper its in connection the begit®® ogor . ¢ between 135 and 175,000 tes in 2000 rising to a peak of 140-300,000 t
India's declared intention is to have i ration by (- A it § = : y o 82
of the next century. 60 INFGE
8 conclusions on uranium supply and demand were:

CONCLUSIONS (a) a
: annu; :
a1 use of lﬁ:g} uranium requirements for the low growth projection, assuming the
32 The development of fast reactors is unigue in that nearly resources ; ”:ggou'i reprocessing, would exceed annual production from known
8 by 2000;

industrial countries have conducted major prograr

decades, reflecting the importance attached to their potential (b) the hi gt ; :

dependence on natural uranium supplies. In the UK the succcssfu Suppopt nuCi’-éaistlmizﬁs of p;oduct}on fl‘:?m spefulatlve uri.mum resources would
p—— experimental Dounreay Fast Reactor from 1959 to 1977 led to the e ‘;x?umwn "'Duldg;;ace o= til,s,mfls un;ill 2023} E‘&; t:iethowteitmates 9f T
! the 250 MW(e) Prototype Fast Reactor, pool-type, also at Dounr‘ea)’]K has 120 8 ~005~2010, constraints on the use o s out reprocessing by

operation since 1974. Parallel with the reactor programi€s the ! r P INigy

e P conc
ad cluded that the lessons to be learnt were

programme of supporting research and development, and has m ¢ to irst "o
with fuel cycle work when compared with other, countries. A plan ys the I”erp
spent fuel arising from PFR has just been commissioned, and this *J 1e too:vn
its type in the world. On the basis of this experience it :

with confidence the next stage of fast reactor development,

sized fast reactor. CONFIDENTIAL
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—aine need for increased uranium exploration
(a) there was 2 pressing neec - ton ang
a and

\

t vent wres;

developmen
( any countr.es would wish to gevelolou BaNS lable advanceq r
5 e n  tie fast reactoT, HORERE = tion early in the nex{HcEmERs
types, such olitical, not just 1 zeological, availability .q vury,
Goncerns aboul t e po-l s i v countries to such concel ¥ of L
y > ’ \ ad1n{ untx £ 0 such conclus
\nium would we.gh heavily in leal >nelusions (GFas
uri ¥ 3
lmlnw).
nec £ uranium resources being found =
f There 1S 10 prospect o2 ' to our thermal reactor | g *n Shedly that
S Cignific wt contribution to our rmal reactor programme, apj g
would make a =-6 sources al nerica £ e
known uranium resourc ) 4y Africa, op Austpy

/ g
R0% of the World's : e e ’
“nl we are likely to remain dependent on tne po-= s
A X i \ ok y - uraniu oXT 2 A -
for our supplies. The 1977 Canadian embargo on ur ium exports, opposition i

' y he Labour Party and trade unions, a
hustralia to § anjm n e s t‘i = states e 1illust Sy and the contip,
ing political jnstability of some African states are illustrations
& > stz . x
which might cause supply interruptionse |

uranium exportin
)

J'ast Reactor Technology |
AGR and PWR operate mainly on the Lesttl

a1 reactors such as
ess than 1% of natural uranium.

9. kExisting therm
which constitutes 1

s initially fuelled by plutonium derived as a by-product of

10. The fast reactor i :
thermal reactors. DBut it also has the &blllt;," to "breed' additional plutonium f
u the isotope which makes up the other 9%/ of natural uraniume. Through repes
c';?égé:: of fuel reprocessing the fast reactor 1s eventually able to extract 50 or &
ﬁmes as much energy from a given quantity of natural uranium as existing thermal

reactorse.

of development behind it in fre
ia, are all investing heavily in

11. The fast reactor now has more than twent
UK and continental Europe, Japan, the USA, and

its technologye

Other Nuclear Technologies

PWRs is believed to be possf:u:ﬂ
in technologl ¥

12. Some improvements in the uranium efficiency of
ably limited © 7|

for instance by re—cycling uranium and plutonium and improvements
1 saving is prob

even on optimistic assumptions the potential tot 1d inores
of uranium requirements. Similar fuel cycles used in CANDU reactors cou.
these savings by 10%, but the timescale may be long.

1ieved

13. A nuclear fuel cycle based on thorium rather than plutonium 18 ?lsonzeto s
to have potential but there has not been the same international Comnlﬂine
technology, its costs are less certain, and it is thought that cOn'lme{‘c int of e
would take at least 25 years. INFCE did not see any penefit from The o

of proliferation in the Thorium cycle. et
14. Nuclear fusion is at an even earlier stage of development and,
proves to be practicable as a source of electricity, it is no® expec
could be commercialised until the second quarter of the next centurys \

I'ast Reactor Economics

sente

15. The fast reactor is not an economic proposition at pre

f\xe{l cycle cost than LWRs because it uses very little uraniuf® by 1t8 1 g
enrichment. But at present these savings would be outweighed syeaﬂ‘ supply
r

costs, which are mainly the consequence of its larger nuclea
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The question of when fast reactors Will
1 costs can be brought down and on \0\‘
plicated by the possibility that wi “ i
\he rate of increase in ura 3

16« become
apita
ig com,
ronctor?
e the cafeés

e
‘ *Conomic depends on hoy
uranium priceg Trise :
W - 3 ‘ i
Wi Af.,yroaa 1ntroc
could be higher

1t

o Akl
“ilan would otherwise

[NFCE did however concli

17. otor canit
‘ erience, with Y capital ok

”lcrensl?g exCI))f muri’-\" 1P of mémufa;tu;l 05ts would decr
b stion a numbe =¥ ng ¢ ==
ETRETE C Sion fast, neaptorsld i estimated that s e
;‘1r5t ,‘L.nel’\ 1 I v £ ould pe to 2 R 1aT The capital o
iotimates of the uranium price necessar ";n ”kv vimes that of present L]
: ; T such a reactor .

LWRs vary from ﬁ(?",o to 500/kg :
INFCEs estimate of the ultimate ca
compared with LWRS was between 1,1
could be higher than this. ;
of between 100 — ?OO/}(‘(@,

for reac
b - Americans considered
‘ould compete with LWRs at

urani

18. A variety of views were however
on when the fast reactors savings :
its extra capital costs (see table B )

become economic by the year 2000 even with no increa; fast reactors Ll
;}cknowledgg thafn the full scale fast reactor tnatl ths~e in uranium prices. They
Super Phenix, will be much more costly tk hey now have under construction,

; a PWI =
on the next station, to be ordered in 1983 ‘:o ‘j&lbut ;heJ expect to reduce the
TPy 30% or less. "

sed by the diff
um ¢

) erent delegates
fuel cycle costs would outwei

£

™ K el
The French believe that f

. 4 ma.
who have uranium sources of their own, and who have In contrast the Ameri
’ - ave a =

3 3 T 3 a poli S e
rgrnmercla.llsa'uon of the fast reactor, consider that : ‘tlcal objective of 4
after 2025. er that it will not be economic until

19. The UK view wa he fast

as that fast reactors 1d t
= : 8t reactors could be coY > a 1 2000
uranium prices rose rapidly at or soon asteciial e
Price increases would delay commercial

creases and their timing will depe

er that daﬁe, but that slower or late
oreakeven until the following decade Price
e ng cade. Pric
oo s éntker dseent ot o) on resources discovery and exploitation, or
. : an wth 3, and on politi f : y pato
: : . iti s
cult to predict with any confidences - ool allan Kotk

The way i hi ol T v

e 0‘1}1 E’Zn‘;x{z:‘l\n; ;g\;ztfvb : ions of movements in the extra cost = or

‘ sot its perceptions ,‘D 2 t};;*:?iﬂ" fx ast mroactors, and in the price of uranium

lagramatically, g ; ; ,.v(legﬂllCS of different fuel cycles can be demonstratec'l

at low uranivm petg S{LL? 1 snow}; how the once through cycle in LWRs is economic

_“”aclmg Plutonj_xm;eq :.nu when the "fast reactor premium" is high. It shows how

%flnl_\m Drices Bl into L»?JRB f economic when fast reactors are expensive and

%apital opgtg &Fégr;d And 1t‘?\nows how fast reactors become economic when their

u: Perceptions of i l;gsj&tﬂfla+11ra‘ﬁ3.1gnlprices rise. Line A on the diagram represents

Q@ :1\1TV and that UJ‘Cmium] Ty w:at. c-_eJ.lgves that fas't reactor capital costs will fall
: f‘d.’f‘)t reactor camt-lpmces will rise slowly. Line B is a country that believes

o t;‘r‘ The Problcn ih d:t costs Nl.ll fall slowly and that uranium prices will rise

© Problem of qeter g ermining the moment when fast reactors will become economic
o elermining the correct position of these lines.

date of -
' of Lntroduction
A, g
utgps. Day take ag
',\..,0221"“"; in a.ddi-piong as 20 or 30 years for a fast reactor to 'breed' enough
mactOri‘eactox— and ;hz t(,) its oWn requirements, to provide the initial fuel for a

S are introduCeg doubling time' can be a constraint on the rate at which fast
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i nuclear power and the p
qt&l’t w1th nuc =S @ £ s
¢ our early ¢ . UK is well placed. ; icigy,
PP, Dut boosiBe O O ting Plut"“mmamtm};? PN Yemg oWy
Mugmox ri’iciz,mmc; a fast reactor Progr Vg
supply, £ the Windscale inquiry concludeq tha

URANIUM SUPPLY

AND DEMAND (Non Communist World)

%t o <A Bt ; he :
: e, the repor d be sufficient to allow the int SO Maximun . ¢ ,
23, For instanc tactcrs alone woul tion thereafter would depens  LiCtioy o ud a  Annual Uranium b Annual Uranj Maxx imum ‘ ‘
from our Magnox Te The rate of lntl‘od“c»l fuel, but it is cle by the gy o olear_capacit Requirements Product Tc}m.um Annual Uranium c
of fast reactors'GR IWR, and fast reactor fuel, ar that Subgt, ! | %Lc,__..?_-——l— — uu; on from known  Production from known
rcpmcessingugg IF;e éu}‘ported' Aty esources & speculative resources
) Togramme coO S y D0
progr : reserves of depleted uranium wrere eventual)y comvegg 1 s GW 29 (000 tommes) 50 (000 tonnes) 50 (000 tonnes) )
24. If all our exis® ?ﬁel for fast reactors the vcvnver.? Produced woulq pe o' 4 i 66 -
— plutoniun and used, 8% % o5 of coal. In other “i"ﬁuli‘hUK 25t reactor py MNE 373 95 95
to some 40,000 ml.lgependent Bifiten Gmaniun imports alt ougll, depending o g ff i &
would be entirely 1: demand and fast reactor insta..lation, fast reactopg b 890 g 5 138-177
growth of talectrlcl {o be installed in parallel in the early years of the ngy N o : 20
reactors might need by 1450 7 165-285
T——— centurys 1 ——
’ 1 abl e by 1800 €60 40 142-305
25. Conclusions tion, on the evidence now available, is that the Uy yy,,
The only prudent a:s:ﬁge tir;le in the first quarter of the next century as iy ; o y
the fast rea;to;‘_a rot fication of our energy supplye () INFCE low gro proj
—— lement in the dive . <
" (b) LWRs without reprocessing (Once through cycle)
! (¢c) US Department of Energy Model 14
| AP ik
26 June 1980 FAST REACTOR LIFETIME GENERATING COST BREAK-EVEN DATES (INFCE)
ture Uranium Price Scenario ~——
= Country
Low a High b
8
Belgium About 2000 19902000
l Canada = -
e France 1990-1995* 1985-1990 80
I'RG About 2000 About 2000
Japan About 2000 About 2000
L Netherlands 1995~2010 19851995 82
28 Hipet 2000-2010 1990-2000
UsSa After 2025 2010-2025
CEC 2000-2010 About 2000
*France considered a 3rd scenario in which
Uranium price remains constant at g40/1b U Oge
In this case the fast reactor breaks even
’\ in the late 1990s.
. @ Rate of increase = 2% per annum

b Rate of increase’= 5% per annum
¢ UKAEA indicative

position
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ANNEX C
no}’O‘}ALS PUT FORWARD BY THE UKAEA
ot PR
g ill, chairman of the UKAEA h
gir John Hill, as put forward the followi -
1s 28 with the agreement of those concerned in the nuclear and electr?gity
\ 3 a

nIn summary, the muclear and electricity generating industries agree

‘ on the importance of the fast reactor option, but recognise the 5.
e substantial costs involved, and the uncertainties affecting the timi.
of their introduction and hence the best way of developing the op‘l',iozg -
over the next decade. They also recognise that for a number of years
priority will need to be given to thermal reactors. In these
circumstances, they invite the Government:
_ 10
ae To endorse the long-term requirement for fast reactorss —
b. To state the intention to construct, in advance of series
ordering, a full-scale station and associated fuel plants,
preferably as part of a collaborative international pProgramme. 1
All such consitruction would be subject to normal licensing ' —
procedures and to public inquiry.
L ! Ce To agree that. there exists a basis for collaboration with 7¢
Western Burope and to endorse a transition from discussions to
negotiations. —
de. To agree that, pending the conclusion of any agreement with
SERENA and the associated Buropean organisations, exploratory 75
w1 discussions with the USA should be continued. —
e) To require the nuclear and electricity industries at the same
time to work towards a CDFR. The immediate commitment would 718
’ be the preparation of a project proposal for submission to
—— Gover%ment around the end of 1981. This date would be consistent

with/start of construction in 1985 or later if judged appropriate
in the light of progress here and elsewhere. The work should, 80
inter alia, reflect progress with collaboration, and would
embrace all aspects of the project. As a first step, the
[ industries would formalise their existing liaison arrangements
to establish a special cooperation task forcee

82

{1 f.  To note that this policy, while not requiring any ﬁmm:z:mtment
to a construction project, ensures that oy
available."

2 p g :
The UKARA's report on the possibilities for collaboration in Europe is set

out
in the attached note. g}

a?/“‘“gy
June 1980.
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EXTRACT FROM REPORT ON COLLABORATION BY THE ygyp,

n a series of agreements was sji
[n 127t/>y Belgium and V‘I{ollapd) and, Franggzd zitweeH
Italy) which brought togvii’:ne: F—?Gwl(mt reactoniy anTteg
those two Brours T %fes wolle retaining giyes e
in design approache_zs‘ fo»rhv“i.-g*?,b’erft' A Specia] orsm;ch .
\, was established by the paj ies and mandatedgahlsat;
their fast reactor technology AL:\ i
Co-operation 1s now extensi

(suppn)rte

ctor R g D e

panies. fuel cycle as i .‘
i pbut progress on lLus J aspects is delg agg
ig:}lgence by the French that no fast reactor fue{ed by a

N

co=-oper
sing are settled.

The talks between the UK‘and the SERENA partners
covered the overall cq—operat19n terms, co-operation onave
design, and co-operation on R & D. The initial Uk approagh
was to join SERENA but as the French havge insisted that v
is not possible at present, the UK organisations have pro.‘:
posed a special UKAEA-NPC organisation, FASTEC, to infeps
with SERENA and represent British interests. There haye g
been talks between UKAEA/BNFL and CEA/COGEMA (France) on ti
fuel cycle, aimed at a parallel agreement. It is intende
to bring German organisations into these talks later.,

From a series of discussions it is now believed thaf:
set of agreements can be negotiated on the following lines:-

(a) A collection of interdependent agreements with
Governmental approval between SERENA and FASTEC,
between the R & D organisations, between the
reactor design organisations and between fuel
cycle organisations, and in due course between

component manufacturers.

(b) The SERENA-FASTEC agreement would cOVer tkflgrcic
licensing of all information and'pI‘OV1de reacts
collection and sharing of royalties from
construction licensees.

ina?"3:

(¢) The R & D agreement would cover the 92;22‘133'

of R & D programmes and use of faClliion' The

the exchange of all relevent mformzn gnts

UK would have equal representatlon * T, g

with those of France or of Germanly (i) ation ¥

ment of the co-operation and partic 4

the specialist working groups-

¢
a b
eement woulent of

d i o i y
(d) The design co-operation agrhe achle"ef 2 oo

as the ultimate objective t :

a common design of reactor (Sl}ltzbl?ifstlyﬂllﬁ
struction in appropriate version®: fd). g
Europe and later anywhere 11 se greaterojec;.-'
more immediate objective woul f real pitufe
centration on practical issues Ont and £ oot
There would be exchange of prens ommis®

CONFIDENTIAL ANNEX' __b_———
¢ S
Q

ation may start until problems on therma] fugipiocess..;
P20,

system design, construction arfl
information, exchanges of 8t@
with design problems.

CONFIDENTIAL

CONFIDENTIAL ANNEX C Contd

o The fuel cycle agreement (1imit

(e) temporarily) would cover éxeﬁgzg g? ii;nge
cycle information, co-ordination g, uel
perhaps also co-ordination of investment inde
for plants. The UK would have equal i plans
with France. q rights

£ It will be highly desirable but

6 ) create a _comprehe:‘;;ive set of fo?gzlezziez;e t
between the component manufacturers because gfs
the know-how which is incorporated in the detailed
manufacturing design and the manufacturin 2
operations which may depend heavily on thg re—
existing knowledge of these companies. Whel{;her
or not there 1s a set of formal agreements between
the compone it manufacturers it is clearly intended
that every cffort will be made to ensure avail-
ability of component design and manufacturing
know-how to the co-operating countries.

In the discussion of these agreements, the need for the approval
of the Governments concerned has been stressed. This will

involve consideration of broader issues, including non-proliferation.

The two sides have exchanged drafts of Memoranda of
Understanding covering the whole co-operation. The more recent
from the SERENA partners has been discussed in meetings and
correspondence over the last few weeks. It specifically includes
the points listed as 5 (a) (b) (e¢) (d) and (fg above, omitting
(e) since the fuel cycle is not at present discussed with the
Germans present.

It has not been possible to discuss fuel cycle collaboration
on the same basis with the SERENA partners. Bilateral discus-
sions have been held with the French, but progress has been slow
because of a French preference for deferring exploration of
possible terms in depth until the shape of agreements in the
reactor field was clear. There has nevertheless been progress
on the type of fuel cycle collaboration and the French have now
accepted UK insistence that the reactor and fuel aspects are to
be taken as a comprehensive package for collaboration.

Since the remit of the UK team did not extend to negotiating
3? agreement, it has been understood that any documents exchanged
isbzerbal statements made have not been binding. It 18 no}:_ po;lt
thy ¢ to state what can be achieved when we can negotiate gm%lh T
prou&h the SERENA partners have reserved the right to regar g
paesent suggested framework as a package, so that changes %11 gires
Tt could invite balancing changes in amother. The main 1e&

of
the present proposals are:-

(2)  The UK would receive all design constructjon 1
and commissioning information on Super Phegli;(he
(which is due to be brought on power aroun 65 atiod
end of 1983). When the full package is neg )

the U coui neve assotts EESRAEhei vtk fon Buner
i e desi
of some of its staff, to © o ibe next two years

Phenix 2 to be carried out o

for Electricit€ de France and to be cox}l{ll.egzdng:ly
in 1982. In turn the UK design Work W.i-,
available to the French and German teams.
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ANNEX ¢ Gune)

(b) The UK would take p?u‘?;; 11‘1r 1\1,‘:L1 Coil":*bOPatio |
Fronch and German {(and om\u) L)I‘Eanlsations Wity |
with SERENA on X ;oI‘Oseruiunes on the basisass%i;’?
tinuation of approximately the current levelg o 000"
expenditure Ln‘the( three m:iLn countriesg, s of
join the existing Liaison Committee to c°~0rZ-U‘( -
the programmes. ingg, U
control of the use of the joint poo) ;
ik Ekllil pe as follows. Prior to the Conclusggnlnf‘)m:,.
agreement between SERENA and FASTEC the Dartigr
roduce an agreed short list Qf countries iy wksl' i
SERENA is authorised to negotiate licence agr 1ch
a willing licensee can De found. In such COugim?nts~.
FASTEC will be consulted on the choice of T Tigg
and terms of the licence but will not have 3 vgige :

all countries not on the }istha ‘basically Similap , "
ment will apply, except that FASTEC ‘{Jill bedial ra“?:‘
to veto the licensing of a company within any gygp

country.

(d) Royalties are one of the two parts of the agreemep
involving financial terms. Future royalties arisip
from construction of fast reactors by partners in
partner countries will in principle be shared buf th
UK will have to 'qualify' for a share by building a
least one full-scale reactor. The sharing will, in

principle, be linked to the relative amount of conmstm:

tion of fast reactors in each country over the nex

20 to 30 years; devising a fair formula, and predicti
the outcome, will be « ficult. On the question of

royalty income from other countries e.g. the USA, o

from construction of fast reactors by the partners
those countries, SERENA has conceded that the 1mprof
ment in the negotiating position which will result X
the UK joins France and Germany is such that the »“;_:.
should have a 'fair share' of this income once &g
is reached.

s Te
(e) There will be an entrance fee to reflect thi Egs beet

advanced status of the French programmé. -—' = .
attempted in discussions to ensure that having P

__.——"/

B ) by he

It may be noted that when SERENA was eS‘Cab.llshzdc zceXF
French and Germans a few years agg it wasiB o whefr?;

a French belief that the Super Phenix 1 reac r coubv,
would be a commercial prototype for which Othewn that t“._;
would wish to take a licence. Events have Shoff pasi®! *
Super Phenix 1 design, constructed on a OBCE~2%, :
quite expensive, and NOVATOME, in co-Ope€T e nextZ

Electricité de France, are to engage fOT hndef
the detailed design and preparation of 8 ear—c o !
Pheénix 2 which is stated to be aimed atb Illg aiscuss

prices". It has therefore been necessary .. not
persuade the SERENA partners that the UK dcl;tof
construct a copy of the Super Phénix 1 Ted

CONFIDENTIAL ==

ent
but rather, subject to a satisfactor agreen®y age
the French’ and Germans to evolve a uropeaﬂso thal 500
reactor and probably a Buropean fuel cycles ;a1e €
cases economies of Zepies Eroduction or of

secured. CONFIDENTIAL

CONFIDENTIAL ANNEX ¢ ¢
ontd

fee, the UK should be

! De treateq
an equal part SERpry |25 fa
thatqthe I}’ee g:r;‘eLg}tl:dS?gLNA partneisaiave Propo
Phenix 1 demonstration Te the extra costs of i
and have asked that the yx mpared with a PyR
s its entr: fee: ‘ ;
a trance lee; the consequent ‘Ta costs
£50 m, which the SERENA 0% Payment would be

ar
be prepared to see Spreag OS?‘;I‘; ;guld ad referendum)
ars.

Possible, ag

A collaborative arrangement of
easy to implement because %t will Feg&?rgns)g envisated will not be
objectives between the UK Generating Bodrds Mme co-ordination of
inter-utility agreements, consistent witp thanf? EdF; parzllel
ment, would be needed. Co-ordination will afngRLNA/FAS’IEC agree-

Germany. The extent to which sg
requirements can be harmonised is not o

on costs in the UK and the pattem of suggir.'t.
development will only be clear afte 1ng research ang

aF s T full :
The optimum timing of a UK c}emonstration rggi%ggomilon has started.
further considered and possibly adjusteq to make itlri have to be
; Tm part of

a concerted 'European' series. Thj i

of intggr:}tion' of design and objecifv:;l%hgipigdtgn e degrge
place in the light of progress here ang in Franc e
uncertainties, the overall judgement must be th E.' Despite these
terms broadly similar to those which have been gfflf glnanmal
ggifggab(le'to the UK 1t will be possible to negotiziz aare Ki

: oratlon with the French and Germans which will wo‘r bio
increase Lhe certainty with which the breeder react ot
demonstrated and converted to a commercial applic;tggncan =
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OPTION 1

OPTION 2

OPTION 4

3
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collaborsd

wLysIs OF FAS

Tis analysls of options is based on material and fi
The options are illustrative only., In particul
tion could take many forms,

T REACTOR OPTIONS

lgures provided by the
\ ar international
ranging from a loos

s close

M1 costs in this Annex are at 31 March 1980 prices.

integrated effort, and the costs ang implicate oy o s
Option 2 must be seen in this 1ight,

ions would differ

The optiors considered are:

t.P ¢ We could decide to Proceed on our own with
a CDFR and its fuel cycle of UK design, subject to safety clearances

and the outcome of the full public inquiry which has been promised.,

International collaboration: We could seek to build a large fast
reactor, subject to safety clearances and a full
basis of collaboration with either France and Germany (who are
already in partnership) or the United States. This option covers
a variety of possibilities: see previous Paragraph.

inquiry, on a

OPTION 3 -~ Holding Em?zamme: We could formally defer any decision to build
a commerocla. ast reactor until the need for fast reactors is more

firmly established and maintain a holding programme in the meantime:
that is, maintain a significant Programme of research and development
including PFR and associated fuel plants, monitor overseas programmes
and possibly negotiate arrangements to acquire foreign technology
under licence if and when we need it in return for our present
knowhow,

Withdraw: We could decide to rely entirely on being able to get
an overseas licence for fast reactor technology if and when we
need it, and run down our present programme including PFR and
Dounreays.
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OPTION 1

CDFR of UK design, The
Yy to pz"ep&re for a wide-ranging
Ject to safety clearances

4 in due course FR would start at a date to )
tled 1 . ‘

Lo

nt s
oovemmzm\nry’ and declare their intention that sub
puglige outoome of the inquiry construction of a ¢
an
pe 8et

OBJECTIVE -

2 The aim would be establish and prgve our own design of commercial fast

,;actory making full use of the expertlsg which has been developed in this

country over the }ast 25 years and allowmg'our nuclear industry to proceed 10
single-nindedly with the project, unconstrained by the involvement of other -

countriese

TIMING

3, The UKAEA (who favour international collaboration: see option 2) have ; ~—
recoomended that work should be based on a planning assumption of a CDFR

starting oonstruction in 1985 or as early as is reasonably practicable thereafter.

It is not possible to be more precise than this at present. In particular: 74,

as need to avoid oclash with PWR inquiry. The UKAEA consider that it T
would be undesirable for two major inquiries on muclear power
development to be held concurrently, and the CEGB would wish, if
possible, to have the PWR inquiry first. Given the importance of the 16
T PWR option this is right, but it means that a CDFR inquiry ocould not n—
start before 1983 or 1984. A construction date of 1985 for a CDFR is
very tight.

: 18
bs  demands on the NII. It is unlikely that the NII could manage a

' quicker timetable without more resources. They have carried out work

ol on the commercial fast reactor in the past, and indeed said publicly

over three years ago that given a successful outcome to development su

work, there should be no reason why a commercial fast rejactor could

not be made safe enough to be licensed. But they have since ceased

their work because of a shortage of recources, and they would not be

&ble to handle two major inquiries simultaneouslye

C0sTy 82

4
Teactq ® UKAEA estimate that the total cost to the end of the century of a fast

Compn‘_;:;fategy based on building a CDFR would be of the order of & billion,

84

and operating ocosts and interest during construction, but mo post=

4 & “‘\"L"'aﬁm itself estimated at £1620 million (including capital
Contract mntingenoy);

fuel_oycle which could cost £1050 million (including fue
t‘ah?icfl‘cion and reprocessing plants, research and clevelot'on 'but
°&pital ang operating costs and interest during construction,

Do Post=contract contingency);
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YT
\&19‘@

in support of the CDFR by the UKAE)

i lopment
c. research and deve ey of £805 million;

and the nuclear ind

i i fuel cycle
i tion of the PFR and its v ot il
d goptimues ope!(‘:et of electricity revenues for PFR),

. 485 million

st of

t out in detail in Table le Inevitably 4y
l . These estimates are se I het.
zentative, pa_rticularly for the later yearse Factors which woulg s, the"“’y

costs include:

; llowancese The estimates i
gt=contract contingency a 1 = nclude a?
ae Sontingency on the CDFR itself and a }75% contingency on the f‘uelox
T— febrication and reprocessing plants, but mo allowance for post-gonyy
contingenciese It is customary for the CEGB to include 1744 fop fhism

in their quoted thermal reactor costs, which if adopted for (DR s,
add £250 million to the estimatee.

be transmission costse No provision has been included for the Substantiy)
new transmission connections likely to be needed if the CDFR is at,
remote sites The precise cost would depend on the site chosen and othy
faoctors. If it were Dounreay, the total transmission ocost could on

1 pessimistic assumptions be up to £250 million.

_—
ce olosure of PFR. If the CDFR were at Dounreay and it were decided %
close PFR, say, 8ix years early in 1990 to release commissioning effort
for CDFR, a saving of some £120 million might be made, plus a possible
e further £0 million on capital plant associated with PFR.

de #timing of CDFR. If construction of the CDFR were delayed to 1987 or

1989, capital expenditure would be deferred, development work HO\}ldtN

spread over a longer period and expenditure in the early yea.z‘s mldtlh

be reduced slightly. But the overall effect would be to inorease ¢
e cost of the project because there would be an extra two or four {0;:“'

of expenditure of around £50 million per annum before the Projec

es research and development. The estimates in table 1 reflefﬂ ;E;e”::m

i and development needed to support the CDFR. They do not mclater fust
Lk allowance for a continuing research programme in support °f1 oyoles
reactors or the further development of the fast reactor fue
This might cost an additional £10-20 million each yeaTse

el
en cent™®
6+ Equivalent PWR., How the costs of a CDFR would be shared L’iﬁ:fon.
Government and the Generating Boards would be a matter for negot gale”' o
the Boards should at least bear the cost of providing equivat:: out thes® 9
: : s d
capacity by means of a PWR on the same timescalees Ta:i‘euzoo millione

a similar basis, which the UKAEA estimate would come

ADVANTAGES oo
ast ¢
B e tatecrt CIP% would followtne logio of OUF Toriggiity
programme so far and would give us secure access t0 the technoX o= . w ’ry
outside constraints. There would be no royalties to Other.w other de‘-’tﬂd ?c’)
to consult about fast reactor exports, no problem of adaptmfosy £ro? B"w"
our own safety standards, no question of transferring b g8 £oF s

our own marufacturers, no diversion of effort into arT

CONRFIDENTIAL

CONFIDENTIAL

OPTION 1

o industry a clear si ;
get our MU 1ea.1" ing Y single=minded challenge
1an and recruite The fast reactor would become a major i::et in

Lon ; 3
Hmclong'”m energy strategy if world uranium supplies became tight and

apensiver
JISADVANTAGES
5, e costs would, however, be very great: see paragraphs 4 to 6.

There would moreover be risks, both technical and financiale However much
g;sign and develgpmenﬁ work preceded c_;onstruction, experience suggests that a
O otype involving high technology like the CDFR would raise new technical and
;ngineering problemg, that these might lead to delays and that the costs would
ssoalates With an independent effort we would have to solve the problems and
wdervrite the costs on our owne The potential burden on our economic and

industrial resources would be great.

10, Onoe begun it would also be a major industrial commitment with little

room for flexibility, however world uranium supplies turned out. Assuming that
the inquiry end safety clearances were satisfactorily completed, there would
inevitably be strong pressure to proceed at once to construction of the CDFR so

a8 not to lose momentum. Similarly, once the CDFR was completed the industrial
logic would be to follow on at once with further fast reactors orders as a prelude
to series ordering, in order to maintain the industrial workloal, to keep teams
together and facilities occupied, and to build on the expertise which had been
gained at such coste

11, Design  and construction of an early independent CDFR would be a major

demand on the management and other resources of our nuclear industry at a time
v¥hen their first priority should be the efficient construction of thermal muclear
power station, in itself a considerable challenge given the industry's present
¥eaknesss It would also put a great strain on the NII (see para 3(b))-

f{mﬁm‘lly, we would be starting a long way behind the French who aim to bring

2 mo OMi fast reactor, Super Phenix, into operation in 1983 and are considering

aheaXe to steady ordering from the mid-1980s onwards. And though we would be

decig of the Americans when we begun, we could fall behind them if they were to

spen; to develop fast reactors given the enormous sums of money which they are
10g on the technologys
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». FAST REACTOR BASED ON INTERNATIONAL COLLABORATION
w}’TION ce
: uld seek to build a large fast reactor, sub
We o0

Ject to safety clearances and
nquiry, on a basis of collaboration with ejt

1o - her France ang Germ who
5 full loollaborate) or the United States, "
already b8
The UKAEA and other parties have recommendeg collaboration with France and ¥
S ——
smany: see Amex Ce
MJECTIVE

International co—operation could takeAma_ny forms,
—— sormation of the kind we already have with several
1"ﬂ::;1ny integrated partnership.

from a limited exchange of 70
countries at present to a

i, The general aim 'Lf‘J\UﬂQd.hE‘I‘E‘ is that we wa_nt.to secure acc
——— 1 puilding a fast reactor in thg U}.(’ but tO'av01d o

7 an independent programme by sharing experience,
joint arrangementse.

ess to the technology
educe the costs and risks n
knowhow and facilities and other

5 Success in meeting this aim will depend on a number of factors including the 74
extent to which all partners are committed to this arrangement. Another major

Sn— consideration is the extent to which collaboration represents a departure fmm.an ;
independent programme in which foreign experience is only absorbed at the margin, &
and becomes a closely integrated partnership.

16 :
P0SSIBLE PARTNERS: THE UNITED STATES :

The United States spend far more on fast reactor research and development than
4y Ruropean country, including France, and their work in some areas such as 18

'Ponent development and test facilities is unequalleds But they lack the
' &perience wh

ioh we and the French have gained from our prototype reactors and
fiel cycle work,

80

Iv In fany respects, the UK and US fast reactor programmes are complementary,

S Anglo/Amerd can collaboration on the fast reactor could be adva.ntage?us. !

of r0ry discuasions between the UKAEA and US utilities last year rals:fii 088
; ®llaboration on the launching, construction and operation of four or five
[Arge £ ;

+88% reactors and associated fuel cycle services, with the first fast reactor
ilt in the

i 82
UK, and US utilities bearing a substantial proportion of the

The e
Te are, however, major uncertainties.
F ¢ i ion to defer
i Hrst, President Carter has repeatedly asserted_hls det:n:l?::‘l-z:n_ 84
Mol g Telalisation of the fast reactor in the Up.tted Sta ses g PN
— frop, ;‘1 °n reasons, He is currently battling with Congr?ch he considers obsolete
| % g, PTOPOBEA brototype fast reactor at Clinch River whi

1y Mecegy Tl tration projects seems
: r‘e.de‘y, and his personal opposition to large demons 86
0 Continye,

® Scope for
Seent 4 Present,
Joip there oo
| the I‘egearch
e

. i therefore,
negotiating collaboration witt} the Amerlca“:d;isr,zistration
Discussions with officials in the Carter expanded programme
uld at most be agreement Fo embark on mthat i o
and develépment, coupled with an assurance n to the construction
1 %o be determined later, both sides would move O
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fast reactor and fuel plant. The POSsibilj

ries ordering Y be

a demonstrat ion

; ¢ the technology and s s Yong
i exploitation 0% - B S ° ght a)g tha
i(;\l/::*ed but it would raise difficulties for the Americans underaih:mrhap;(]f
. iy Aol
lawse "tmag
i the Presidential election, even if polj .
B SOR R DegRRl RO SN e Amerdcans i Policies chape
iert;in that collaboratior with the Americans is a real option, ange, it iy
a. If and wher the fmericans decide to build commercial fagt
they may want to do ro independently. Alternatively they mi{;hfc‘h;cmm
3 Tefep

to collaborate with the French which would leave us very isolated
.
b, Their timet cale ior introducing fast reactors is not necessari]
. s = ; i
The United States has large domestic reserves of y‘the
Wraniup g

same as OuUrsSe : :
ble to political interruptions in supply than we e

is less vulnert

Even if they deci ded to collaborate with us, we might only be offere

Ce
inequal role in a massive United States Programe

in effect a minor and

n with the Americans carmot be dismissed out of hand, There sig
pments after the Presidential election. But the o
French and Germans seem more promising at present,

12, Collaboratio
conceivably be major develo
for collaboration with the

CO~OPERATION WITHIN EUROPE

based on a comprehensive partnership

13, The French fast reactor programme 18
the Netherlands also have supporting

with Germany, in which Italy, Belgium
rolcs. Super Phenix, though dominated by France, is by no means purely a Frem
project. The Italians, for instance, play an important part in ma.nufactt_lr%nlﬁi;
ever. the CHOB have a small indirect stake in NERSA, the consortium of utilitié
which is buying the reactor.
14. Exploratory disoussions have shown the French to be firmly opposed Io i;:
the UK become partners in SERENA, the F‘ra.nco/Gema.n company which comte ;eneﬁ
fasl reactor technology aid is responsible for licensinge Bub URRL S
thal a set of valuable agreements could be negotiated which are S
Anmnex C and would cover:

as the cross-licensing of all design, construction and wmlssmm“g
information on commercial terms;

s . ac‘tiC&l'
bs co-operation on design, beginning with concentration Ong, desid

problems of current projects and aiming ultimately at a

¢+ co-ordination of research and development pro gramnesi )
in the fiTY
ds exchange of all fuel cycle information with e lrolo—ox‘ii""’tlon
instance, co~ordination of fuel cycle R & D and perhaP .
of investment plans; and p
el
ufac
e+ hopefully some kind of agreement between componen® s
though the UKAEA is i y
say that this is not easye ne
1t
The motives Ofthe onf g

15% 1 b
nét c‘?:fe 5 are keen for us to collaboratees
in, but it may well be that they feel expose

to h E
ave an expanding fast reactor programne ; that they WO
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OPTION 2

- vean collaborative arrangement
. into Buropean 1 arrangements rathe» th i
sjed 10V 5 d that taie i a i 1 o % : .
he \mericansi e L,t {my particularly wish to have a closgirtmlers}'up fia
,‘v;m 45 On the fast reactor fuel cycle where our technology is a:elatlonshlp
:: theirse i
TIHING
Vv ation with t1e French and G 1
. collaboratio d Germans should gi
6 L4 give us extra flexibili i
ility in

oo timing of construction of a large fast react {

“'ebzgiLniIO"St”‘Ctmn 1&1 T than 1985 to enable 2111‘;, ii;oﬁilzo:eit be_appmpriate
r programme to be fully assessed and assimilated, We might alemmlng from

. fast reactor so ns_to make it one of a series of Eumpeaf fa.stso want to phase
incorporating progressive refinements in design though the benefit I'e?ctors .
sould be muoh greater if the design of our fast reactor also x‘epre: Ot c?Auc:h phasing
jrogressive improvement in the design of reactors being built elsewsn ed a

in other words if the collaboration was a close one. And if in the ]Ftre in Europe:
fast reactor inquiry or other developments we decided to postpone cor;%n :f the
to the late 19805 or beyond, collaborative arrangements might still 1 mg ion

of keeping in touch with other programmes and of maintaining the fasir(:-:: : a vay
options The French have not sought assurances from us about the timin ;or

fast reactor. e

0
h

A‘T_. There would however be limits to this flexibility on timing. Substantial
delay would bI‘lnL:‘, a major loss of experienced staff in our design team with little
ance of replacing j:hem with younger people of the right calibres. Our partners
n.fltmai::llose confidence in us and be unconstructive in implementing their side

00ST

18, e 3 - o 2 <
s d:; overall cost of a fast reactor programme based on international collaboration
4 depend on the collaboration arrangements negotiatede

. 11y independent, only absorbing foreim
m - and if we were building not only the reactor
‘try)/ Th‘e full fuel cyole (which would place a great demand o e ]
granme - t e overall cost could still be similar to that of an independent
Irn;o:,als'p“_na)f is, around £} hillion. See Option l. This is in essence what the
the French ar forward by the UKAEA would cost. In sddition, under these proposals,
&re also asking that we should pay:

2, ‘ .
rmation on Super Phenix,

SHpQ%W of £50 million for access to info : :
' piz,enlx 2 and any other reference design of reactor available to SERINA.
€ of this payment is based on the extra cost of Super Phenix to which

av }
© not so far significantly contributed.

the

We b,

The details would need to be
same rate as the
ctors they builde.

b

e

"“aoy;;'%l-ﬁiﬁ for the use of this informatione

French “»ch but in essence we would be asked to pay at the
Hor¥atome Company and the German INB on any fast rea

Me Sat
®t flow from the UK could be around £20-25 millione
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form of oollaboratio

iming for 2 close :
; Te. however, We Were 2i1 e eh Of fas T, Wit
20, e mon Buropean desifl and 2 Sef2s O‘dm‘: reactors into whichh e
aim be~ e, we oould make & significant reduciion in 00?30;&3\91\\0
would be ! In particulars: Oup

negotiating objectivese
4 rAings of the order of h
yclee Substantial savings of nndradl
2. fuel o chieved if satisfactory arrangements fop
fast reactor fuel in_ : :
reprocessing facilities 1n the UKe
b, Research and devel
a reduction of duplica
of millions of pougds}.
major French facilities
capable of testing the fuel
hcre, and we m
could be achicved throu

handling route) we would not need
gh SERENA.

ce Capital cosise
savings in the
from others'! experience,
proven and possibly saving on

21, Reduction in riske
reduction in risk which
possible, but the exchange of detailed engineering in
co—ordinated research and development should give us

would result from collaboratione

technology has been fully explored, reduce the likelihood of major unknown fac
causing delays and enable us to concentrate our resources on specific areas mii
than attempt to underpin every aspect of design and construction. For instmﬂy‘

n the ged procss

collaboration on fuel fabrication would allow us to concentrate o
with higher assurance of success, rather than disperse resources O
routes as a fall-back position.

ADVANTAGES

22. Collaboration with the French and Germans would e
{'eac‘tor technology. The closer the collaboration, the more wWe
important advantages including:

as cost savings, particularly on the fuel cyc

b. a significant reduction in the technical and financial T
project (paragraph 21);

ce extra flexibility on timing (paragraph 16); and

de cofordina.tion of research and development an
effective use of resources.

DISADVANTAGES

;o WO
23+ The overall costs of a strategy based on a collaboration

(see paras 18-20) thou, i gni fi ant ©
. 0 W fic
3 o gh we could look for sl

CONFIDENTIAL

of millions

ight be &
of pORIAN M E France enabled us to postpone the constnl,:epmcess

cti

opmente Co—ordination of programmes shoulq
Tion and a sharing of facilities amounting
For instance if we had access to a numbe
(eege roOf insulation testing facilities

to

i
on ofng

leaq 4,
o teng

T of

and a rig
build they

ay also need to use a 50MW steam generator testing Tig which

Though impossible to quantify, there should also be
capital costs of our fast reactor because we would be profitiy
drawing on design improvements which they had "
the manufacturing costs of some components,

Potentially more important than cost savings is the
Quantification is mot
formation combined with
greater confidence that the

n a.ltemative

nhance our access b
ocould see

le (paragram 20
isks of ¥°

fast

N> generally moTe

gl

L
. 5t1ilclose

frod

X f0 ob
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The pmpo::nls which the French ang Germins

; by 0 means free fron dif:advanta.ge:
are O

have so fap been prepared to offer

s, we would have tc pay an entrance fee of £50 mi11j
on over 5 years;
’

b We would also have to pay royalties % EREN
we built, whereas our share in royalties by
would depend on our programme reaching so
negotiated;

A on any fast pea,

ctors ‘
on fa.s?: reactors built elsewhere ﬁ'
me defined level, yet 1o be

ce our manufacturing industry might well
: ) be at i
thEl;‘ Du‘opea.nu_lcgmgetltirs who had already estabij.z;:tald-‘t’iita’ge compared with 10
knowhow and Wo e reluctant to pass it on r mamufacturing
except at a high pri
Price;
de we would be tied into contimuing our research

programme at roughly its present level (around £1 g e

00 million or so a year); n

es we would have to agree at the outs SEREN.
: : et that chno

to licensees in certain specified third countries fhc(:?xuld ek i N i
be needed for all other countries not on that list,. b
25 More generally it would set the fr

5 h Hox amework for our fast reacto i 74’
;._.ftrfut Of, Eng century‘and'would rule out close collaboration wit}Il‘ ;Pﬁllggiior
ietes except in co—ordination with ou¥ European partners . ed

16

8
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OPTION 3

A HOLDING PROGRAMME

e could formally defer any decision to build a commercial fast reacto
11 the need for fast reactors is more fimly established and maintain a r
‘\:chlding progremme in the meantime: that is, maintain a significant programme
g‘ reseBJ‘Ch and development }ncludlng PF’R and associated fuel plants, monitor
o;ﬂerseaﬂ programmes and possibly negotiate arrangements which give us access to 6'

; 5 ogy under license if and w! it i -
n +echnology hen we need it in return for our present i

jmowhoWe
OBJECTIVE

o, The aim would be to retain a substantial mucleus of fast reactor expertise —
in the UK but rely on overseas development work for the availability of suitable
designs for commercial fast reactor plant.

GUTLINE OF THE PROGRAMME y

3 This option would represent a scaling-down and major change of direction

for the UK fast reactor programme whose thrust since the 1950s has been towards

reliance on our own technology rather then on otherse The new programme would

need further detailed definition if this option were adopted, but the main 14
outlines based on a UKAEA exercise would be as followse S

4e Dounreaye The mainstay of the programme would be the continued operation

of PFR and associated plant and the maintenance of Dounreay as a ma jor operating 75
fest remctor sites The work carried out there would aim to provide experience Bt
with components and materials, establish the performance of fuel, help establish

sefety and other standards and provide data for design, operational and other

mrposess The UKAEA believe that keeping Dounreay open is essential for this 78
oftion both to meet these objectives and as a basis for possible limited

oollaboration with other countries, for instance with the Americans who regard

PIR as our main asset in this field given their own lack of a prototype, or with

‘emany on fuel cyole work, or with the Japaneses 80

Dounreay, amounting perhaps

. Qther works Technical support from outside
: - rting facilities, would also

Qi Someﬁ,’hing over 200 professional staff with suppo
¢ retaineds In particular:

Winfrith would be the main centre 82

o ot =
. Al el — ally reduced levelse

for this work but it would be at substanti
Smell teams would continue at a

be Fuel
- performance and develoae_f}_t' or development

munber of UKAEA sites but there would be 1o maj 2t
Programme, and experimental facilities st Harwell and Winfrith would P
Probably be closede
° Engineoring, A small team working on seleg'ted‘aspeofs w::ﬁdbehowwer
retained at Risleye All but one of the main rigs thetrﬁe porich
be closed down, and there would be a major effect on
Y¥ateriale chemi cal neerings lWork would be reduced with teams

at Risley and Harwell working on selected aspectse

de
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and project work would be ended except for g
er limited requirements.

e. Desi
service PFR and meet oth

SaeLE teay to

f. Fuel plants. A team of some 100 professionals at Doyy
o Iuel DoaIDSs

: Tea,
become the nucleus of the Authority's fuel cycle eXPertige Y Woulg

COSTS

6. The UKAEA estimate the cost of th:;s Q}ﬁ:‘lon (e;cc}uding I'edlmdancy iy
redeployment cos‘ts) to be just over &£1 billion to the enq of the cnl
which three-quarters would be sper}t at Qotmreay.‘ Expendi ture woulgq dec{
steadily through the period from £100 ml}llon today to around £17 e
2000, with minor savings possible over tnfe next threg financial years, Bt
are in Table 2. The figuresassume that the rundown is planned ip detaty iam
1980 and commences at the end of 1980/81. n

ks
1ne
n in

7. These estimates are not necessarily reliable in the sense that if Tateny
the century the need for fast reactors became pressing, M decision wag reve;n
continuation of a prototype and its fuel cycle began under foreign licence y
costs would mount sharply and the overall cost of the strategy might be mu:;hp 3
to the cost of a strategy based on option 2. ol

ADVANTAGES

8, If this strategy was successful, it would cost a great deal less than a strieg
based on the construction of a large fast reactor: roughly £1 billion comparel
with the £ billion over 20 years estimated for a fully independent programe
Even allowing for the construction of a thermal nuclear power station of equivaler
capacity, the cost differential could still be close to &2 billions

J« We would be leaving the teething problems of large fast reactors to be solvé
by other countries and allowing our nuclear industry to concentrate on the |
task of establishing our thermal reactor programme.

10. At the same time we would hope to keep alive some ability to intmducenfa.s‘_.;
reactors developed elsewhere when Wwe need them, and to have some frcedom'ox U,C
about how we did this. We might, for instance, want to revive the ques?l?: gécx:‘e
collaboration with the United States if policies changed therej or We uu.gnd other
later to seek a licence from SERENA, adapting it to meet our own safety &

: el oyt
requirements as necessary; or we might co—operate with the Germans on fu
worke

DISADVANTAGES

coming WA ;ﬁ
le desiﬂ‘ 0
states Y,hen

11..We would however be gambling on world uranium supplies not
until well into the next century and on there being an acceptab
reactor a}va.ilable to us for licensing from SERENA or the United
it. Estimates of the royalties which 1icensors might charge in ¥

have ranged from 5% to 20% of th ’ S b station 888
that they would be pre ~ e capital costs of eac

we !
$an10¢*
gié!
hese O o

ing pdé

Pared to sell licences at alle prege:::
12, We would be dis - A e ¢ 3 ‘glving up 0w F :
abilit ; Persing our industrial design teams an H reacfors. o
1vy, acquired at some cost over 25 Yyears, to introduce fas e or &
own standards and on the basis of our own experiencee The leadti

fast react

Ors when we needed them might well be longe
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%

 far it would be jossible to attract and retain professional staff of the
f st to run a holding programme is a matter for doubt,

me 1ack of involvcr!:r nt o{ Brlf}sh 'industry in the development and pProduction
, ™ ants in the pericd before the licence was taken would leave them at a
¢ :E;:a(e in competing against overseas mamufacturers as suppliers for the
= Z'VUK fast reactorse

¢ the gtrategy was unsuccessful and we had to reverse it later in the century,
'dlng a fast reactor and its fuel cycle earlier than we had hoped under foreign
1

i) s, the costs would nount up sharply again.
110(NCCy

82
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WITHDRAW

il 4%

uld decidc to rsly entirely on being able
ooeactor technology if and when we needed it
d juding PFR and Dounreay.

to buy an overseas licence

e
» and run down our Present

o7 fast T€
" gune ino

‘S@TIVE

The aim would be to avoid the heavy costs and riaks

) . involved in a CDFR
“ & pack and savc as much as possible of current fast

reactor expenditure

m:o free the hig 1y>skilled resources employed in the UKAEA's Programme for
“her productive uscs in the economy.

The major difference between this and the previous option would be the
.,‘owe of PFR and the running down of‘the Dounreay site to a care and
;mten&n“ basis. Fast reactor work in other establishments would also cease
u the UKAEA would become a radically different and smaller organisation. We
wmld need to take steps in due course to try to obtain an overseas license for
truse a8 and when we needed it.

ws1

The costs of this option to the end of the century would be comparatively
lov, around £320 million (excluding redundancies) plus a possible £50 million or
e for the final decommissioning of reactors and plant at Dounreay. The bulk
fihe expenditure would be in the next few few years as the rundown of Dounreay
ces Even so, minor savings might be possible over the next three financial

UiTaoEs

' Y vwould avoid the heavy costs and risks of a CDFR, make a substantial cut
:.fmth SXpenditure and free the nuclear industry to concentrate on the thermal
Hr programne,

Wiv g g

fy W ;

"'ﬂctor: :El.u‘d ?‘Wever be writing off the experience and u{lderstaﬂimg Og ::::on
b ooy *oh has so far been built up at some cost in this country, a de

Prove very costly 1f world uranium supplies come under pressure.

g, i tors
%o e 14 be totally dependent on other countries' progress with fast reac

w. ) the G i to us on
“htab) '* ability ang willingness to make the technology available to
S te!‘ms.

f fast reactors.
perating
rs could be

by 18 W .
ﬁbilit"uld have no infrastructure to supportthe introduction o
iy Pengy O 258688 designs in the light of our own safety andto
i ywc’“ d be very limited; and the introduction of reacto
5, tars by our lack of expertises

tries would find it difficult

! mye; , : 1
o rzsheaibhl:ar engineering and manufacturing industries o ived in the production
* Meagto,  OOWPete with overseas suppliers already inm
Ctop P.

Componentg,
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COST ESTIMATES FOR UK “BUILD CDFR" FAST REACTOR STRATEGY (€M AT 31.3.80)

l
J

| \
/80/81 /81/82 /;2/53 /83/84 /64/85 ]65/66 ]86/57 a7/88 {88/89 89/90 [90/91°}91/92 ,92/95 \193/94 194/95 \95/96\96/91\91/95 \93/99 \99/2000\%m

Beactor Programme )
CDFR: Capital 24 48 166 273 309 226 120 24 | 1190
IDC 3 10 23 43 63 73 15 ; 20 M \
Operations ] 3 6 16 |20 23 20 19 16 16 140 8%
RAD §AEA) 48 55 60 61 59 59 50 4 36 29 25 22 19 e 1 9 5 3 3 630 R
RAD (NPC/Industry) 1 14 20 28 31 20 15 9 5 4 5 - 6 5 4 3 \‘ 175 {1 L
PFR: Operations (net) 30 25 24 19 14 13 1 10 10 10 10 9 9 9 8 8 6 225 R I - |
Fuel Plants ngitd 3 6 10 18 20 14 i4 7 ! Y
and Design { ‘J ik
Pu hire/ reprocess | 13 1 1 1 1 1 1 1 1 1 3 1 1 1 1 10 8 [ 185 b
Euel Plants Programme g H
’ 0 A |
abrication Plant: iR i ; If
Capital (inc. IDC) 3 5 13 13 12 12 14 3 | by
Operations . 1 24 24 19 + (19 19 19 19 23 23 1 Tl
Reprocessing Plant: U -K
Capital 38 56 106 106 106 63 25 Sm et
me 1 5 10 18 25 33 33 1 F 1t
Operations e 10 |10 9 9 9 9 9 1k
RAD (Fab. and Rep.) 1 4 4 4 14 14 1 8 5 5 4 4 4 4 4 3 3 3 3 3 1 §i k41
ALS J
Credit PWR Costs:
Capital
e
Initial Fuel
Operations ! 3 ’ 6 18 16 16 16
Replacement Fuel l 40 40 40 40 |
Launching Cost d 6 6 6 7 !
|
TOTALS 14 50 (155 222 |228 |1e7 |18 |58 56 155 ‘55 1

WOTES: 1. There is no post-contract all included in the reactor (CDFR, PWR) costs presented, or in the fuel plant costs.

2. CDFR Initial Fuel has been omitted as a separate item as the cost is covered within the costs of the Fuel Plants Programme.

No post-contract contingency has been included on the reactor items in this Table.



KEACTOR STRATEGY (£M AT 31.3.80
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