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Paulo Mogueira Batista

Mr, Chairman.
Ladies and Gentleémen,
1. Notwithstanding recent events concerning reactor safety,

important as that may be, the CidSing of the backend of

‘the nuclear fuel cycle will very 1ike1? remain wvery much

the heart of Eontrbversy about the use of nuclear power
for peacéful purposes. Opposition to reprocessing of spent
fuel expresses itself in essentially two different ways.
At the international level, it is said by some that the
recovery ofAresidual fiésile uranium and of plutonium
automatically foster the proliferation of nuclear weapons
capability. At the domestic level, it is proposed that
reprocessing should not be allowed for it entails the
seperation.. of highly active waste which cannot be safely-

disposed of.

2. Opposition has become so passionate and vigorous that
in some countries, though hard pressed for the solution

of their energy needs and where nuclear power could play

an important roie, decisions have been blocked by the

action of militant minority groups. The international flow
of nuclear technology and hardware has been, on the other
hand, severely restricted in a cleafly discriminatdry manner,
Such developments lead indeed to a highly confradictory
situation, one in which the peabeful use of the atom is
strongly contested in the framework of an almost implicit
acceptance or at least of a silent resignation to an ever-
growing nuclear weaponry, in quantitative as well as in

qualitative terms.
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3. The case for reproceésing - excuse me for being so ob-
vious again - is, however, a very plain one of optimization
of energy resources. £s it is very well known, though of
late not as widely acknowledged, the mere recycling of .
uranijium and plutonium recovered by reprocessing speﬁt fuel
in fact increases by some 50% efficiency in uranium uti-
lization. Much more important stiil, the fueling of Fast
Breeders with plutonium can multiply by a factor of 60 to

70 the energy that can be extracted from the fissibning of

uranium isotopes.

L4, Without closing of the fuel cycles, nuclear power basecd

on fission cannot be used on large scale and for = long time,
for uranium as it currently exists in the world - indeed

in a geographic concentration even more unfavorable than

that of 0il - will not be sufficient to support, during the
entire lifetime of nuclear power plants, the nuclear
electricitylgéneration capability to be required by the

vorld from the year 2,0C0 onwards.,

5. Against such a clear background of advantages and in
the context of growing scarcity of traditiomal energy
sources such as o0il, it becomes difficult toc accept at
face value the non-proliferation stand taken by some
Governments against reprocessing and against even

the mere use of Pu, Can it really be a sirict and sole

concern about the spread of nuclear weapons capability?

6. The fact that countries enjoving an advantageous position
try their best to keep it as exclusive as possible is of
course in itself 2 normal reaction. Stch understandable im-
pulse may be considered even more.reasonable in the case

of advanced technologies which may have, besides commercial

ones also political-military implications. There may even
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be a legitimate ‘concern which can go beyond the specific

more selforiented motivations of one specific country and

~be of @ more general and broad world interest.

‘7. This is certainly the case 0f nuclear technology, and

non-nuclear weapon countries have always been prepared to
cooperate with nuclear weapons countries by accepting their
basic notion,'tﬁat an increase in the number of states
possessing nuclear weapons should be avoided for the sake of

world peace and stability,

8. This cooﬁeration was firstiy given batk in the late "50s"
when the coiicept of international safeguards against non-
peaﬁeful'uses of atoﬂic,energy - in itself = severe limi-.

tation of Sovereignity - was proposed by the nuclear weapon

'statés‘and accepted by the non-nuclear weapon states as the

only valid way open te such countries to benefif from nuclear

energy.

S, Bome 10 vyearsafterwards, in the late sixties, another

dimportant contribution was asked by the N¥S and again agreed

to by the NNYS; complete and formal renunciation by the NNWS
to the right to fabricate and / or possess nuclear weapons,
without reéeiving any formal security garantees or nuclear
disarmement engagements from the NWS, The reciprocity was to
be found in full access to nuclear Eechnology provided

"full scope safeguards" were accepted.

10. Again some ten vears later, NNWS zare now told that such

-full access to nuclear technology for civil application is

- |
nct any more desirable or possible for it brings cbout the

now unavcidable spread of nuclear weapon capabilities.




- b
1te In this new sufprisiﬂg context, it is mainteined that

sensitive technologies such ‘as enrichment and reprocessing

cénnot be made available, even under full scope safcguards.
| ' ' . The TAEA statutes and even the more recent HPT are ieft
; y aside and international binding commitments are broken by
i unilateral actions,
- S .
1 12, It 2all looks as if in the defence of-priviledged“POSitiOﬁS
some HN¥3 have really gone a bit too far in their appeal to
the understdnding of the NNWS, In so doing‘such H¥5 surely.
have undermined the climate of confidence which is so basic

for the Hevelopment of international cooperation, particularly

in the nuclear field,

13. Banning the civil use of Pu by non-nuclear weapon sitates
uﬁder the over~stated risk of nuclear weapcns proliferation,
while the military production of plutonium continues in
o nuclear weapons states, at a growing rate, is scomething 4diffi-
o cult for NHNVS to swallow. Oﬁ the contrarv, the least thevy
‘ could expect from NVS would be cooperation for the intensive _
utilization of plutonium to the benefit of our energy-lacking
world, with the only restriction éf.appropriate safeguards
of the International Atomic Energy (IAEA) which, in this
connection, has already developed an exacting and specific

|
|
' control systemn.,
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CONFERENCE -ON RECONCILING ENERGY
NEEDS AND NON-PROLIFERATION

Contribution to the Panel on
The -Debate on Reprocessing

"by Charles Van Doren, Assistant
Director, U.S. Arms Control
and Disarmament Agency

In-the next 20 years there will be very sizeable accumulations

of spent fuel from the present generation of nuclear power

- reactors. A large portion of it will necessarily have to be

stored as spent fuel for an extended period. The debate on
reprocessing is over the desirability, timing and extent of
reducing that portion by reprocessing, .and over our ability

to cope with the risks entailed.

For the thermal reactors expected to be in operation by the
eﬁd of that period, reprocessingris-noﬁ essential. It seems
quite certain that tﬁey could be operated for their expected
lifetimes without plutonium recycle. Thus we can take an

objective loock at ﬁhe cases for and against moving to wide-

spread reprocessing now.

RESOURCES - The most appealing argument adduced for
reprocessing is the desire to . save fuel resources by making
use of the residual - energy value in spent fuel. But does this

require widespread reprocessing now? No. Extended spent

fuel storage leaves this option open for the future, and in
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fact creates a fuel reserve that could later be drawn upon if
serious shortages of fresh fuel seemed likely to occur.. In
fact, its separation would be easier-at a later time, owing
to‘the decay of fission—products. (This optionrhas been
unfairly -labelled ﬁhe "throw-away" option. It,woﬁld be more

accurate to call it a "stow-away' option)

To use this plutonium §g£ for recycle in thermal reactors
would be many times.more'wasﬁeful‘of resourceé than toc save
it for possible use in breeder reactors, when and if their
feasibility and ecconomic viagbility become.clear. And to'separate
the plutonium before needed for a specific breéder‘reactor
would be unwise, since :
(a) it would be incurring a heavy present cost for
a potential future benefit; and
(b) it would needlessly create the proliferation and
,physicgl security problems inherent in a stockpile
of weépons—ﬁsable material, vulnerable to theft,

seizure or misuse.

WASTE MANAGEMENT -~ Ancther argument adduced for reprocessing
is that it contributes3tolsolution.of the waste management
problems. There is continuing dsbate as to whether it in
fact makes a significant differsence in this respect. It

does separate out the high level wastes and permit their
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vitrification. Butfit creates some new waste disposal problems
of its own - including not only the effluents from the répro~i
cessing opération but also thé creaticn of additiﬁnal contami-
nated facilities whose decommissioning must eventually be
dealt with. {(We face this‘problem in the United States, where
the waste'diSposél and decommissioning costs will greatly
exceed the total cost of the plant.} And the fact that Eégﬁ
level wastes can be reduced in volume dces not mean that the
EQE§£ volume of wastes for which permanenf geclogical dispeosal
must be provided is significantly reduced, if at all. For

example, such disposal is still required for spent fusl hulls.

Regardless of where one stands in this debate, one thing is
clear: Even 1f reprocessing is believed to facilitate the

waste disposal problem, that benefit does not reguire

reprocessing now. After more extended storage as spent fuel,

-1t would be easier to repfocess and vitrify if that Qere

deemed necessary. In the meéntime, further progress can be
made in ascertaining. the best medium for geological disposition
and in testing and preparingAsuitable sites and gaining

public acceptance of their use.

" These activities ars: far morsa

-

rgent than the actual change
in form of the high level waste, which does not reduce the
very long period for which it must be isolated from the

biosphere. .And i1f reprocessing is not needed for other purnoses,

e

the option of gesological disposal 0f encapsulated spent fuel
2 g G LSE : e
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the amount of space'needed for geologic disposal.

One ekce?tioﬁ has“been-cited'to,the lack of néed.fbr,pfompt-

,reprocessing.fdr waste disposal-purposes:. That is, Magnox

fuel, whose cladding was not deéigned for long term storage

in water, and corrodes rather quickly when so stored.

But -
(1) This is a limited exception, since Magnox
reactors are no -longer bkeing built; and
(2§ A sizeable facility fér-the-dry storage of
Magnex fuel has just been completed in the
ﬁnited KingGOm, which should reduce this
particular time:preésure.for reprocessing

such fuel.

it invelves.-the relationship between the cost o

'ECONOMICS OF THERMAL RECYCLE - There has been considerable

debate over the economic advantages or disadvantages of
reprocessing for recycle in thermal reactors. Basically,

-

-fresh fuel,

h

on the one hand, and the fecllowing cost elements on the

other:

(i) reprocessing costs or charges; plus
. (ii)- the incremental cost of fabricating Mox

fuel; minus.

h

storage cosis

=

ue

{iii) the saving of spent

otherwise incurred.




‘Few, if apy; Qf the3variables.iniolveq §gp bQ;
prediéted'with much coﬁfidence, For‘example;‘the
cost of‘processing ié'profoundly affected by the
capital cosé’of the reprocessing aﬁd associated
facilitieé, the cost of money, and the plant
availability factor. And I might note that the
‘data base on wich to project the availability
factbr‘is Very thin. (The actual experience to
date with those few facilities that have separated
high burn-up fuel shows a startingly low availabili-

ty factor),

Undér current circumstances,; most experts
both in the United States and in INFCE agreé‘that
the economic benefits of recycle in thermal reactors
are at best marginal. 'In the United-States; Wé haﬁe.
concluded fhaf théy are-not coﬁmensﬁrate with- the
Usecarify risks and problems invoived, to which we

have not yet found adequate sclutions,.

‘RISKS AND PROBLEMS, Let me now turn toithese .

fSeédfitf-fistsfand.prdblems}f7MQstiofithem‘are.”'“"
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'attrlbutable to the facts that one of the products
of Purex reproce881ng is separated plutonlum that
in addition :to its radiotoxicity,-such'plutpnium
is one of the principal materials needed for a
nuclear explosive device; ane that‘leSs,than ten
*kgs of such material would be needed to make

such a device,

These facts make this product-like highly
enriched uranium- vulnerable to theft or seizure by
subnational groups for the purpose of blackmail,
or as agents for a government  séeking to.acquire
.the‘material, or. even for.terroristeuse. And they
‘raise questions as to the'sufficiency of existing

safeguards,

facility 1tse1f, They also attach to the'subsequent
disposition of the pletonium° Thus 1f we turned to
plutonium recycle in the.present generation of
reactors, there would be a vast 1ncrease in the
 ;nternat;oﬁﬁéommerce in separated plutonlum and

commensurate increase in these risks.
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SAFEGUARDABILITY. Reprocessing facilities pbse

some special chéllenges for séfeguéfds, Thé b5SiCu

problems are.—

1. the inherent difficulty of accurately

accounting for material in bulk'handling

facilities, where there is inevitably some

"hold-up in the plant, and where about 8 kg

of Pu constitutes a significant quantity
for safeguards purposes; -and

2. the special problem of obtaining "timely

warning' of diversion when the product is in

- a form directly usable in weapons,

For these reascns it is especially. important to
design reprocessing facilities in a way that facilities
effective safeguards, and to do all we can to increase

" in others ways the safeguardability of such facilities.

.,.Some:uSeful-éxperimentsﬂhavelbeéﬂ;danevon;thisr

subject at the Tokay facilities in Japan, and several

concepts - such.as the French Pipex scheme. for a

fully contained facility - have been suggested.

Moreover, INFCE has been examiping such concepts

as co-conversion to minimize the presence of

separated plutonium, -and the sihipment of fuel

materials ih’ mixéd ‘oxide form, These teéhnical




measures - as well as possible multinational institutional
farféngéments-;’ail“deée:bé‘fﬁifher‘pufSui% in our
_efforts to meet the safeguard challenge of repro-

cessing.

Also under study in the IAEA is a possible
internafional plutonium storage regime, Butrmuch
work remains to be done on this concept, and we do
not yet know how effective a-regime can be created, or

how-widely it will belaccepted.

CONCLUSION, In my remarks this morning I have

tried to show why we believe that the widespread
introduction of reprocessing is notrcurrenfly necessary
or desirable; that the‘security-risks and probléms‘

it poses are real and serious; and that much remains

to be done by the internationalrcomﬁunity 1o improve

‘oyr ability. te .cope with.such risks apd problems,. . ..
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ROLE OF NUCLEAR POWER IN DEVELOPMENT

Mr. Chairman, distinguished delegates, ladies and gentlemen,

It isjindéed anlhonour and pleasure fdr me to participate in
this important meeting and to take part in the discussion. of
the mény vital issues and important questions facing us in this
crucial period through which nuclear power is ﬁassing at pre-
sent. And before starting ﬁy presentation, allow me first to
express a deep appreciation and gratitude to the Research
Institute of the German Soéiety for Foreign Affairs for their
initiative in hosting and organiziqg this timely meeting at
this critical stage where the nuclear community is faced with
a situation which needs consolidated efforts and actioms to

be undertaken and important decisions to be made.

Distinguished delegates.

I have beeﬁ asked to cover in my presentation today the sub-
ject of "the role of nuclear power in development”.

In dealing with this rather complex and maybe rather a con-
troversial subject, I shall attempt to put nuclear power in
some perspective'in'the light of the established facts and
realities about the two most important aspects which form

Fhe basis of the assgessment of thé future role of the nuclear
power on development; namely the energy situation and the

available opticns, and the present economic and technical

status of nuclear power as an alternative energy source.

Over the past serveral years, the role of nuclear power in

development and its prospects in meeting our growing and press-

ing energy needs has been the subject of the most wide, in-

tensive and controversial- discussions by advocates and oppenents

.
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of nuclear power. This debate involves a wide range of questions
and complex issues and has particularly intensified over the past

six weeks, since the unfortunate event of the accident at the

Harrisburg nuclear plant.

The outcome of this debate and thelimpact of this accident over
the future role of nuclear power is difficult to forecast-at
presént,_and‘therefore T shall iimit myself here to tﬁé intrinsic
role of nuclear power in the light of present facts and realities
of today. The extent that éhis intrinsic role will be affected
by the growing QppOSifion to nuclear power deveiopﬁeht, will
largely depend on fhe.degree of our success in pufting nuélear
power in its proper perépective and in providiné clear and
cdonvincing answers to clarify the wide range of issﬁéé an&
questionsvbeing raised over the neceééity of uéiﬁg nﬁclééf powef
éqd the postulated risks and dangers to the pﬁﬁiic and the eﬁ—
vironment by using this source for energy pfoduction; inAofdér

té give an assessmeﬁt of the role of nuclear power in providing
our needs for economic, industrial and sociél deﬁeloﬁment, we
must first exaﬁine the facts and realities of our enérgy situ-
afidn today and the available alternatiQes for meeting our fu-

ture needs.

The demand'forrelectrical energy has and will continﬁe to grow
in boéh industrially advanced éountriés and in develéping coun-
tries. This continuiﬁg g#bwth in eﬁergy consumption is needed
to meet the continued growth to maintain éhe civilizétioﬁ éﬁd'
industrial Aevelopment in advanced countries, and to faige the

relatively low level of industrial development countries, and to

cover the extra needs of the gfowiﬁg world population. Over the
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_past 25 years the world emergy consumpticn has increased three-

fold from about 3000 MICE to aboutIQQOO MTCE at present and

ie expected to double once agaie by theAFﬂrn of the.century
reaching about 50.000 MICE, Ihe share of electrical energy

which is at present about 30 ~ 357 of the to;el energy consﬁmption
is growing at an average rate of 6-7 7 annually and much

higher prowth rates are expected for the developing countries
where the presentrlevels of per capita consumptions are still

very low ranging from 300 - 1000 KWh compared to the world

average of about 3000 KWh.

~ The status of development of any country can be gauged by the

standard of living of its pecople with that which can be sustained
by production based on our present level of science and techno-
logy. ﬁence one of the key elements in making development plans
in aﬁy country whether advanced or developing would be the
provision of edequate and most economic sugply of electrical
energy.

To achieve this, exploi;ation of all availabie eneréy re-
sources, hydro, coal, oil, gas, uranium as Well-as other renew=-
aﬁle energy resources euch as solar, ;idal, wind, geothermal and

biomass must be undertaken to the largest possible extent.

o

The question which is often being asked is why among all'
sources of energy are we so much interested in nuclear power?
fhere is the'energy in the winds, and weveséienergj due to
temperature dlfferenccs 1n the earth and .oceans, energy from
the rotatlon of the earth which could be tapped by utilizing the

tldCS and energy from the waters evaporated by the sun, It is

true that all these natural phenomena provide us with renewable



vast amounts of éﬁergy h5h9ver apa¥t %tbﬁ the fact that all of
them éfé of an intefmittant nature, they all have one great draw-
b?ck, their energies are not in a very concentrated form. The
energy per unit volume is rather iow hence Va;t installations
‘and great expenditures are reduired for there exploitation. Conse~
quently such schemes are as yet not feasible for the provision of
the large blocks of electrical energy upon which our modern civi-~
lization depends. It is therefore unlikely that such reneWaﬁle

energy resources could have any significant contribution to

our electrical energy needs in the foreseable future.

Reserves of fossil fuels oil, coal, gas 2re known to be limited
- and estimates of the available resources have always caused
concern about there adequacy to meet the growing energy require-

ments in the futﬁfe. Furthermore these fossil fuels are neededk
as raw materials.fbr many £ndustriél products, such as petro-
© chemicals and 1liquid fuels for tramsport; and could hence be
more efficiently and economically utilized for such uses rather
than being used as fuel for electricity production. Some oil
producing‘countries, like Iran for example, with its well known
vast oil resources sowe years ago decided to embark on an
éxtensive program for the construction of nuclear plams to save
non-reneﬁable 0il and natural gas reserves for better utilization
in industrial uses, or for the use of its export revenues to iﬁ-
- port nuclear technology and equipment éﬁd for other develop~-
*ment plaﬁs and projects.

:

Then comes nuclear power; which after theAsharp incredse and .the

anticipated furthet increases in oil prices since the end of

1 -
I 5 v !



1973; occdpiéd a raﬁher prominent position among other alter-—
native energy sources available to us., Nuclear powér plants be-
caﬁe then fully aécepted 55’3 viable competitivé éltgrnative
energy source to conventional thermal pigntsf Compared with

0il fired plants, there is a clearly established economic ad-
vantage. Inspite of the higher capital cost of nuclear plants
which may be as much as twice the cost/KW installed of oil-plénts;
the large differential fuel costs savings compensate and exceed the
capital costs differential over a rather short period of the
operating life of the plant. A calculation made in Egypt for a
600 MW plant at an oil price level of 75 dollars /ton in 1977,7
showed that the cumulative fuel cost savings would cover the
capital costs of the plant in about 10 yeérs. The role of nuclear
power can be further assessed in the light of its present

status, aﬁd its operational record. The facts may be summarized

as follows: Nuclearlpower has been generating electricity over

the pasf 25 yvears and supplied more fhan 800 billicn KW's

of energy by the end of last year from PWR plants alone. In-
stalled capacity of nuclear plants in operation today in 21
'éountries amounts as of May 1978 to more than 100.000 MWe, with
215 power reactors which has given satisfactory operating record
for many reactor years of their life.

More nuclear plants are now under construcéion and planned in

29 countries, including 11 developing countries,‘which are ex;
pected to be in operation by the mid 1980's. With the completion
of thése plants, the total w;uld net electrical output from
nuclear plants would have reached about 450.000 MWe. According-
ly, it should'bg fecognized that nuclear power is no longer a

prospect for the future, but it is a reality of today.
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‘Inspite of these achievements and the clearly established
economic feasibility of nuclear plants, and the operational and

safety record of_huciéar plants over the past 25 years; and even

“after the unfortunate event at Harrisburg, there has been no sig-

nificant radiation expesures to the people or to the environment

over the whole 25 years history of nuclear plants in operation

v

including ~ Harrisburg. Inspite of éll this, the controversial
debate and opposition to nuclear power will continue. And the need
for the use of nuclear power as a source for energy productien will
be questioned on grounds other than economic considerations. The
clear and glorious prospects for nuclear energy are now being
shadowed by clouds of unfounded attacks from cpposition groups.
They continue to attack nuclear power as an unacceptable dangerous
source of energy with associated health hazérds, waste disposal
problems of highly radicactive materials, and the proliferatioﬁ of
technology which could be used for the production of nuclear
weapons. These arguments are however often not sufficiently clear
and are net based on technical or scientific grounds but rather

on emotional aspiraticns and exploitation of public opinion. Unfor-
tunately the facts are alsc presented in a distorted manor by some
irresponsible elements in the press and television media. More than

ever before it is now the duty and respousibility of the nuclear

‘community to identify and clarify the issues being raised if the

role of nuclear power in development is to be maintained and en-

hanced in the future.

i

While the controversial debates over nuclear power may continue, the
fact temains that the economics, reliability and safety of nuclear

plants have been already established by the vast number of nuclear

plants under construction,providing‘usfwith a total electrical cut~

-
Y
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put of over half a millied KW by the mid 1980's in more than

x

3¢ countries. Future developments of fast breeders and the

\

thorium fuel cycle would provide additicnal vast resources of

energy for development and prosperity of huménity.

In conclusion, thé role of nidclear power in development de-
pends to a large extent on an ability to find satisfactory so-

lutions to a wide range of problems. Public acceptance, non—
‘ , ‘

' proliferation, fuel supply assurances, waste management disposal

physical protection, ctc.... Problems more political than tech-
nical, more interpational than national, but the need for
nuclear power is compelling and I believe we have no choice

but .to respond accordingly and positively.
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NATURAL URANTUM AND ENRICHMENT : POLITICS OF SUPPLY AND ACCESS

Having already explained to the.disﬁinguished
Director of the.Institute, Dr Kaiser, that I felt incapable
of handling the topic precisely as it has been set, I have
obtained his kind permission to flirt a little with it in

a way which brings it more within my sphere of competence.
Some introductory comments are apposite.

International affairs have not yet progressed to the
point where any country regards itself as having an assured or
inalienable right to a commodity produced iﬁ another country.
Despite the many developing signs that national boundaries cannot
have their former finality and that sovereignty as previously’
understood is outdated, we do as mations still act on the basis
that what-is within our national boundaries is ultimately at
the absolute disposition, or under the uninhibited contrbl of
our -respective governments. We have for the present to'grapple'

with our problems on this basis.

We know, or at least are learning, that uranium is
not.an ordinary commodity. Simply as a source of energy it
can fairly be compared with other sources such as coal, oil ahdj
gas, It is, of course, unique in its structure because it is
neither a carbon or hydrocarbon but it is doubly unique because
of the dangers associated with its use. The very processes:
which produce energy from it involve the production of radio-
activity and go far in making it the'sdurce'of horrendous
explosive power. Thésefacﬁh and thefr possible consequendes,

were recognised in the early days, before any tuclear weapon

was exploded.

o
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The fact of life which we have to face is that
dependency on uranium as a source of electrical energy
exists in many countries and is developing in others. That
is to say, the industries of many countries and the individual
comfort and convenience of their members are, or are becoming,
to a greater or less extent dependent upon it. Many do not
have the uranium or enriched uranium necessary for their needs.
‘In Aystralia this fact has been recognised and is sympathet-

ically understood.

lWhen announcing in Aygust 1977 that Australia would
develop its uranium resources, the Prime Minister of Australia
in his opening comments said:

"The Government especially has been conscious that in a
world of finite resources there is an obligation on
resource~rich nations, such as Australia, to make those
resources available to meet the legitimate needs of
other nations."

A
Whether this statement be régafded as flowing from high morals
or good sense, or both, does not matter. The fact is that
Australia is desirous of selling its uranium to other couﬁtries.
As a supplier, and in common with other suppliers of nuclear
materials; we nevertheless recognise an obligation to ensure
that what we sell is not used for milltary purposes. There
are, of course, other problems associated with the use of
uranium, - engineering, technical, safety, environmental,
financial and otherwise. The one which is probably the
greatest impediment to intermational trade is that of

"proliferation'”, a vague term not well understood amongst
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the public of our various countries; The perceived dangers
of proliferation have now led to restraints and inhibitions
not conducive to international trade, giving rise to
difficulties for potential suppliers as well as potential

‘comnsumers.,

I emphasise that in my view the danger of .
?roliferation, that is, of horizontal proliferation, is not -
only one of the actual spread of nuclear weapons, but the
suspicion and fear that a country which has the means of
producing weapons readily may be planning to do so. History
teaches us that such perceptions are often wrong, but they
are seriously disruptive, and have in the past been a common
cause of war. Anpother aspéct of the_same consideration is
that a country which does not in fact possess the means may
wish to convey the impression that it does, as a means of
‘threatening others and thus obtaining its own way. It is
desirable that a regime exist which will minimise the risks
of hollow threats or, put the other way, will help to ensure

that such threats are recognisable for what they are.

Responsible nationé must therefofe retain the right
to be satisfied beforechand that what they supply will not be
used for militafy purposes. This is a complex and difficult
matter, not 1east of all for a supplier of uranium, because
uranium must go.through a number of processes, often in different
countries, before its derivatives afe used as nuclear fuel. It
is my View that purchasing countries should acknowledge and.
accept an obiigation to assure suppliers, and hence the rest
of the world, both that they do not intend to divert materials
for military purposes and that if they have a ready capacity for

doing so, it is under firm control in accordance with

AL




international standards. It is to be remembered in this
connection that nearly all suppliers are also consumers, or
potential consumers. It is unlikely that more than a few
countries can achieve nuclear independence, that is, self-
contained fuel cycles, this century, - even if such a goal

were desirable.

We all know of the treaties which have been entered -
into and the organisations which exist with a view to
discouraging, detecting and reporting upon any diversion or
possible diversion, for military purposes, and thus giving
a substantial measure of comfort and assurance to others. We
know also that it has Been found necessary to go further and
to have exacting safeguards requirements in bilateral
agreements. Personally T would like to see stronger inter-
national institutions and agreements which would enable
bilateral agreements to be superseded in due éourse, but this
is probably some time well in the future., One matter worth
observing is that bilateral safeguards agreements necessitate
adequate survelllance, by I.A.E.A. personnel or EURATOM
personnel, or both, on the territory of subject countries, in
order that they be effective. All the arrangements can be
very complex and very unsatisfactory from the point of view
of a purchaser, but are not less so from the point of view

of a conscientious supplier.

In the 1960s and the early 1970s there was a boom,
or at least great optimism so far as concerned the development
of the nuciear fuel cycle. The NPT was in a way a measure
of this optimism. The enthusiasm dulled the perception of a

number of difficulties, - difficulties which have since become
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very apparent. -Worse still, in my view, was the assumption N
on the part of the planners and their advisers that the
dangers, and associated difficulties, -did not requivre that
the public be tasken into their confidence, This doubtless .
involved as a first step the tedious operation of.explaining'
some processes to the relatively ignorant and this was not
done. - The repercussions of such an approach in a non-
totalitarian state were bound to lead to trouble, and they
have done so, and will, I believe, continue to do so. ‘I
accept that in relation to some matters, which are of
relatively minor importance, the complexity of modern
technology and modern politics just do not permit public
consultation. It is difficult emcugh for specialists in

the disciplines concerned to explain all the relevant sinuosities
to already informed audiences. However, the development of
nuclear energy is not a trivial matter, - plainly it has
inherent in it a variety of dangers; one or two of which

are very great. I cannot for a moment accede to a

philosophy which says that in such a case the planners
neceésarily know best, or should leave the public less than‘

fully informed about the dangers.

The period commencing, éay, in 1974, has been
sald to be one of reassessment so far as concerns matters
nuclear. 1 agree, but there is little point in my addressing
remarks to that period, because there has, in general, been
time'and opportunity for reasseésmeht. This is subjeét to the
re~-thinking aﬁd improvement inlsafety'measures which within
the last few days have been brought to attention by the Three

Mile Island accident at Harrisburg, in the United States.
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Notwithstanding that_event, we should now be making
such decisions as are possible, or preﬁaring ourselves to
make them at an early date. What at present is a major . '

impediment to the development of the nuclear industfy, and |
its associated elements and what contributes largely to the
absence of confidence in it, is, quite simply, uncertainty
and indecision on the part of the decision-makers. Everyone-
understands that decisions in the field‘usually have to some
‘extent to remain flexible, and a decision can simply be one

to do nothing for a stated period, but a prolonged and indefinite

walt-and-see philosophy can only lead to confusion, and worse.

I should say, immediately, that the Australian
Government made its position as clear as it could in August
1977 when‘declaring that it would develop its uranium mines
and sell the resulting yellow cake. The statement of policy
then made allowed for some flexibility, and, of course, is
open to review as overseas developments may demand. This is
not to say that the non-proliferation objective will be
relaxed; it will not be. It is now known that uranium will
be available from new mines in Australia in 1982 or 1983 and
in increasing quantities over the following vears. There is,
at present, as you know, substantial political opposition
within the Australia Labor Party to any uranium mining in
Austrélia. I cannot say &hether this will continue; it

: in the future
may do so, and the Labor Party may/form the government. But
it is not an unreasoned opposition. It centres mainly
around three factors of which we have all heard a great deal,
namely those of safety, disposal of wastes (or spent fuel)
and non-proliferation. Might I suggest that many of our
troubles would have been lessened if these or similar arguments,

when first advanced, had received more attention, and been

dealt with on their merits.

1T
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Partly as a result of INFCE but iargely independent
of it, much knowledge has now accrued on the subjects mentioned.
What I suggest is that the time for firm decision is mow upon
us. If anyone asks, - "about what?", the simple answer is
to say the nuclear future of réspective countries over the
next 20 or 25 years, or longer, and the international
arrangements‘which should be pursued, with zeal, to meet the
difficulties impeding trade, and, in particular, the problem.
of pfoliferation. In relation to some matters, the best that
can be done is to embark, firmly and clearly, upon particular
courses, conscious that events may at some stage show the

need for change.

g The emphasis in discussion has been on reliabilify of
l?supply. I do not underestimate the importance of this factor.
What shduld be emphasised, however, is that one of the main

J difficulties facing everyoné at this time is the element of-

| reliability of demand. This is tied up with many factors, not
least of which is the assessment of the future eﬁergy needs of
consumer countries and thé ways they are to be fulfilled.
For example, i have mo doubt that conservation will pléy a
large part in future energy needs, and décisions with regard
thereto should be made now, albeit some changes may later be
necessary. It must be'remembered, too, that expense is
fnggmous and lead times are long, and if care is not taken the
atter '

/may prove longer tha nthe occurrence of the requirements to

which they relate.

Having said what -1 wanted to in the Reports on the
Ranger Mine in Australia on the subjects of safety and wastes,
I have, as a judge, since avoided becoming involved in debate
concerning them. But, to take an example, if the disposal of
wastes (or spent fuel) has now reached a satisfactory position

so that to reasonable men it should no longer be an unacceptable
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hazard, international trade will be enhanced if relevant
decisions are made and are made known, accompanied by such
proof or demonstration as is possible. So with the structure
and nature of reactors and the erection of enrichment plants.
1f a country proposes to move in the next decade or two to the
development of commercial fast breeder reactors, this surely
can be made known, and uncertainties of planning thereby
reduced. France has partially buillt what is described as a
pre-commercial fast breeder reactor and the U.S.S.R. is said
to have three fast breeder reactors. = Planning will remain
most difficult for suppliers of uranium as well as consumers
if clear decisions are not taken. It is in the nature of
trade that some things will remain uncertain, such as changes
in some political and economic conditions but they are
inevitable and governments and businessmen necessarily have

to be left to deal with them as best they can. Some countries
may, of course, reverse previous plans, and decide against a
nuclear future for the time being, and we have seen one or

two i1llustrations of this.

I should return to the matter of my especial interest -
non-proliferation. I am, as you probably know, an advocate
of the develcpment of .international arrangements wherever they
can sensibly be made and when I say international I mean to
include multinational arrangements made by mutual consent of,
say, three or four nations, but according to more widely
accepted standards. Imn this way confidence is given to other
nations, which can- plan accordingly. Mr Mason Willrich and I
have in a paper recently suggested that as a beginning, a
scheme for the internmational control of plutonium stocks should
be instituted and that this can be done without damage to the

fundamental interests of any country. The I.A.E.A. has in fact -

/o
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for some time been investigating the details of carrying. into
effect a scheme along theselines, and two international
meetings on the subject havé taken place at its behest.

I think it can.safely be assumed that both Mr Wiilrich

and T are reasonab1y well acquainted with earlier attempts

to devise international solutions,. but the réasons'fdr their |
failure have become apparent.  We have learnt from them, and

should go on, undeterred.

I would hope that decisions at a political level can
soont be made which will lead to the acceptance of some scheme,
a thorough and proper Scheme, such as I have earlier suggested,

I am not oblivious to the difficulties and some of the

- immediate criticisms which will spring to the minds of some.

- But difficult problems are seldom unravelled simply or

superficially. Thé United Kingdom and France, the countries
in which plans for civil reprocessing,afe furthest. developed,
have both expressed support.in principle for such a schéme,
and there is the helpful agreement reached recently between

Brazil, the URENCO countries, and URENCO.

If aild the extent to which practical arrangements
can be made to end the fuel cycle at the spent fuel stage,

without reprocessing, this can be an important measure in aid

of non-proliferation. Such a course would increase the market

for, that is to say the dependence upon, uranium, at least,

until the proposed fast breeder reactor becomes well

established as a commercial reality. Although we may see
one or two such reactors this century, outside the U.S.S.R.,
it is not likely that they will become a commercial factor

of substance until weéll into the 2000's.

coen /10,



-10-

We can usefully remember when we talk of internationail
solutions that the nuclear industry involves a quite phenomenal
degree of interdependence between nations, - technically,
financially, the production of services, the supply of materials,
and otherwise. In the mines of Niger there is participation,
in one form or another, of six or seven countries, as well as
France. In some countries it 1is quite practical to purchase‘
nuclear electricity from others, at least in peak periods.
National boundaries and sovereignty do not have the significance
we have come to accept from prior experience. Ipn relation |
to the nuclear fuel cycle and particularly the provision of
uranium and enriched uranium, we are moving inexorably towards
multinational and intermational arréngements which at the
one time secure a supply of necessary technology and materials
and at the same time ensure the necessary protection from
dangerous results. And it is a unique factor in human history
that more than one hundred countries, being parties to the NPT,
have agreed to internatiomnal surveillance on their own

territories.

I do not, however, see the proliferation problem
being met in its entirety by one simple global scheme. A
scheme dealing with plutonium storage is obviously only-part
of the whole. I have for some time also been’ an advocate of
multinational participation in sensitive processes. 1 have
thought ‘this to be a natural tendency. One may take, as
examples, in relation to enrichment, organisations such as
URENCO and EURODIF:; Eurochemic was an earlier trial of a
similar concept, in relation to reprocessing, albeit that the
scheme had somewhat different purposes, and, again for
slightly different reasons, there is now United Reprocessors
Gmbl, Within accepted principles there can be scope for
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variation to meet particular circumstances. Schemes such
as I have mentioned can and probably should be operated in
conjunction with proposals already made concerning multi-
national fuel centres, but I do not suggest that there need

be anything mandatory about this.

The final point I would make on this aspect is ratﬁer
more stark. Tt is simply that if due to security fears or
otherwise a country (necessarily a non-NPT country) feels
that it must retain a nuclear weapons option it may not be
too much to_expect‘that it not equivocate and dissemble to
conceal its intention, with a view to securing supplies not

otherwise available to it.

In the course of my travels I have spoken personally,
commonly in their own countries, to senior représentatives of
nearly all the states concerned and I have a clear view that
‘the reasonable fears and suspicions of ali countries can be met
if we persevere at the task. I know that the United States,
which haé so much political and economic power and power
derived from its erstwhile supremacy in technology as well as
a near monopoly in enrichment, has translated many of its fears
into- statutory mandate and we know that most of the rest of the
world feels that in éomerrespects it has gone too far and in a
counter-productive direction. The hope and expectation of many
is that itg attitude is not immutable. The world will owe much
to its leadership and all the more so if what it does is as.
free as possible from any reasonable accusation of self-serving
commercial advantage. It has long since ceased to have a
supreme technological position, and it is likely that its
position in that regard will be worsened by the Harrisburg

incident. So far as conceruns enrichment its monopoly 1s rapidly
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passing from it and we can expect at an early date to have
three or four or more countries with a substantial capacity
for toll enrichment. In fact, the projections show that for

a number of years there will be a glut in the enrichment market.

I have mentioned impediments to trade which are
related to international politics. There are, of course,
‘iegional and domestic matters. So far as concerns the former,
there is the proposal for a nuclear free zone in the Indian
sub-continent. There is also the need for an early resolution
of the questions affecting supplies to and by and between
member states of the European Community. One bears in mind
the prospective early increase in the number of members of the
Community, one of which already has a substantial nuclear power
industry. To look at the matter narrowly, from Australia's
point of view, Furatom will need a mandate, as it is called,
before proper and lasting arrangements can be made for the
supply of uranium to member countries. This is mot to say
that useful negotiations and discussions cannot take place
in the meantime. Failing a mandate it has been suggested
that it is necessary to have amendments to the Treaty, or at
least Chapter VI thereof. What I wouldalike to stress as
vital is the taking of early decisions on what is to be done,
and, hopefully, some action. I should record at this point my
own view that mnothing should be done to undermine the utility
and effectiveness of Eyratom as an instrument of safegﬁards
policy. The more we can settle nuclear affairs in regions of
the world the beéﬁer, and the Furatom area, with its wvast
industrial and technological resources is obviously ome of the

most important.
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Part of the title of this lecture to which I must at
least pay passing respect refers to access to sources of.supply
of uranium and enriched urénium. The Indian nuclear explosion
of 1974 provoked international concern that an additional
state had taken a large step towards-acquiring a nuclear
weépon capability and that this could have unpredictable
repercussions for the stability of that country's immediate
neighbourhood and possibly for international stability. There
were many who thought that‘the Indian action.called into
question the future of. the non-proliferation regime. Inter-
national attention was compelled at the same time to focus
on the sources of raw materials for energy arising from the
0il embargo of 1973. The proliferation issues were addressed
multilaterally in a number of bodies such as the Nuclear
Suppliers Group. But in relation to assuraﬁces of supply of
uranium much attention has been focussed on the actions of two
countries. The United States closed its enrichment order books
and Canada subsequently announced that it was withholding
supplies from a number of countries from the beginning of 1977.
These actions were regarded by consumer countries to be a
disruption of promised supplies and aroused fears concerning the
future. They have led to what I believe to be a too general .
and at times excessiveremphasis on assurances of supply.
Confidence has to be restored and this should be possible on
a sound baéis of non-proliferation objectives shared mutually

by both suppliers and consumers.

1 sympathise with the need of consumer countries for
energy security. For the nuclear industry, the acceptance and
strengthening of non-proliferation policies can only serve to

produce that result.
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It is, I hope, evident from what I have already
said that in my view, a matter.of major importance in the
matter of access to supplies is to free the market from its
present impediments, and this by oVercoming them rather than
scoffing at them. It is, of course, the fact that the major
purchasers for many years will be highly industrialised
countries: the Western Furopean countries, Japan and the
United States. The United States has resources of its own
and very large stocks. But, as I understand, it is thought
that towards the end of the century, 1f its program proceeds,
it will have to import uranium for its own purposes. The
needs of most of the European countries and certainly Japan
for uranium are more pressing. None of the countries
mentioned will expect to be given guarantees of supply by
foreign governments. The utilities can be relied upon to
secure long-term contracts with mining companies, whether
privately or government owned. There 1s every réason to
suppose that these will be fulfilled on a commercial basis
unless governments specially intervene, and government
intervention is not likely to be capricious; it is more
likely to be based on perceived dangers of the nature already .
mentioned. Governments, for their part, have to be warned
against the danger of retaining in bilateral agreements wide

discretions for themselves, when these can possibly be avoided.

Particular courses open to prospective purchasers have
been seen in operation: the purchase of equities in the share
capital of mining companies, within the limits permitted by
governments, and the making of large loans subject to relevant
conditions which also will have to pass the scrutiny of

governments. Another course being followed is that of
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encburaging and financing exploration in other'countries,__.
in the éxpectation of favoured treatment; perhapé?{%?reliance
on a right to favoured treatment. There has also been some
bargaining of technology or equipment for raw products. I
have given passing thought to the possibility of‘adopting in
the nuclear field, at least in part, something similar to the
many coﬁmodity agreements which now exist, and the Telstar
agreement currently in operation, but the possibilities are °
for others to explore. Commercial men can devise many ways,-
once they know the guidelines, of achieving the results they
desire. What it 1s necessary to emphasise is that non-
proliferation protection must not become the victim of any
such arrangements. There can be no bargaining of safeguards

against supplies of uranium or enriched uranium.

The creation of an international fuel bank has been
proposed by the United States as an aid to assuring supply
and diminishing tendencies towards reprocessing. This proposal

is, as it were, still sub judice and we should await the

outcome of INFCE before further action on it. What can be said
‘now is that we should at all times bear in mind the poéition

of the less developed countries, not merely as a matter of
words but as a‘matter of reality. This is in the interests of
the developed ¢ountries when considering world trade generally; .
it is much more so when considering nuclear energy, and the
dangers attendant upon it. We must see the position from the
point of view of such countries, although they diffef greatly
in their respective situations. Some are quite highly
industrialised. Very few have any present involvement at all
in the production of nuclear power, and as far as I know none
has currently a need which is not being fulfilled. The initial

requirement of most will probably be for reactors of a size
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smaller than any commercial reactor produced in manufacturing
countries. I might express the hope here that not all will
regard indigenous industry as a sine gua non of their own
welfare and happiness. = Surely many will settle for reliance
on agricultural pursuits. If they are themselves deficient in
natural resources yet judge themselves to have a real need for
a nuclear. program, a number of questions will arise. I envisage
that several suppliers of uranium and enriched uranium will be
prepared, in proper circumstances, to ensure that they are not
left without the necessary assurance of materials. Although I
speak gquite unofficially I think I can say that my country,
acting alone, or in conjunction with others, would like to take
every reasonable step to ensure that such countries receive
fuel supplies as and when they need them and that they are not
left in any needless state of uncertainty about that matter.
The maintenance of small stockpiles may be an aid to this end,
and INFCE may give us more direction in this regard. The
problem of the less developed countries, or some of them (they
differ considerably in this respect) may well be more in the
direction of obtaining finance and skilled personnel than of
obtaining the material. Here the industrialised nuclear
nations are inevitably in a dominant position. One can only

hope that they use it wisely.

You do not need me to tell you the impact which
domestic politics are apt to have on international affairs;
indeed thé latter frequently cannot be appraised properly
without an understanding of the former. I judge that the
matter of supplies of uranium and enriched uranium are not
less likely to be affected by local politics than are other

commodities. I do suggest, however, that international
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arrangements, once made, will be apt to reduce considerably
any uncertainties or difficulties within the domestic arena.
Discretions reserved to supplier countries under bilateral
~arrangements for noﬁ-proliferation reasons will be much less
1ikely to cause difficulty to supplier aﬁd consumer if
international agreement, to which both are party, exists on
important aspects. Indeed, the ambit of the discrétions may .
be greatly reduced, if not wholly displaced by such an‘
dgreement. I am sure we all have a distaste for situations
which give one country power, capable of exercise from time

to time, over the operation or development of fhe:nuclear fuel
cycle of another country. It is my hope that the scope of,

if not the necessity for, such discretions will soon be limited
or abrogated by international arrangements. I want to make it
clear that in the meantime I see no answer to their retention,

and this in appropriate measure is the policy of my country,

I have already referred to enrichment; it is
prediéted that the market will be oversupplied until at least
the 1990s, although predictions in this area are notoriously
hazardous. The lead times for the construction of an
enrichment plant of any size are considerable and the likely
effect of laser beam enrichment on the commercial market is
unknown at this point. Australia has been approached by a
number of countries and by URENCO to enrich in that country.
Plainly we will be dependent upon overseas technology and
finance. It may be'ﬁhat Australia can imn due course providé
toll enrichment for countries in the Pacific area, and beyond,
but I imagine that what is primarily contemplated is that we
sell enriched uranium and little, if any, which is not
enriched. There is time to consider this matter and that
is what we are doing, éssiduously and with a view to reaching

a decision as soon as this can practically be done.
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Plainly, there are non-proliferation dangers
associated with enrichment, Pakistan is currently causing
quite a stir, because it is making or acquiring a centrifuge
enrichment plant, which it cannot use for its CANDU reactor,
or any other reactor which can be built before the enrichment
plant is ready. What a difference it would make to its
position if it had already, or even now, were to submit to
uinternational control of that plant. Otherwise the world, and
ﬁarticularly its near neighbours will rightly or wrongly,
conclude that it wants to have a nuclear weapons option. This
is not the occasion to embark upon an examination of means of
detecting and deterring the production of highly enrichedj
uranium, beyond saying that to create confidence that high
enrichment is not taking place, and that preparatiohs are not
being made for it to take place may well require a more
detailed and individual examination of the particular - situation
than is the case with the plutonium avenué of production. It is
my understanding that some enrichment plants, even of the
centrifuge type, are not at all readily convertible to weapon

purposes; confildence may exist without more.

This leads me to a final observation. I do not
see a world, now or in the near or mid-future, where there
will be many enrichment plants or many re-processing plants.
I believe that natural forces, such as technological, finanéial
and envirommertal considerations, will restrict the number of
them, provided that we do not so act as to drive countries to
an unnecessary independence in possessing them. There may also
be factors, such as the disposal of spent fuel and of wastes
which will in the long run tend to limit reliance upon nuclear

energy, so far, at least, as it is derived from thermal reactors.
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My crystal ball is quite unrevealing on thlS subject when

it comes to fast breeder reactors, or fusion,

In conclusion, might f say that my principal points
are two: we must work energetlcally towards lnternatlonal
solutions where these are possible, and we must now, or in
the near future, without waiting endlessly for further
information, come to decisions which will substantially
?reduce the uncertainties which now abound, and which are

. so unsettling.
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CONFERENCE ON RECONCILING ENERGY
NEEDS AND NON-PROLIFERATION

l1st Part

CONTRIBUTION -TO THE'PANEL ON
THE DEBATE ON REPROCESSING

by Bertrand L.Goldschmidt,
Advisor to the C.E.A., Paris

The Historical Background up to the Carter Policy of 1977

1942

1943

"1944

The Americans accept the participation of a representative

of the British atomic project (myself) in the early work

on plutonium extraction pursued in Chicago by Glenn Seaborg's
team. The transfer of know-how in this field in between

the United States and the United Klngdom is thus complete
until the end of 1942.

Breakdown of relations in the nuclear field in between
the American and Anglo-Canadian projects.

The collaboration resumes after the Quebec Agreement of’
September 1943. United States, .Britain and Canada decide
"not to communicate any information to third parties without
mutual consent". It is the first non-proliferation agreement.

Furthermore the three anglo-saxon partners, having agreed to
limit their cooperation to the pursuit of the war . the
United States decides that,owing to the Hanford reprocessing
plant being already entirely designed, the United Kingdom
and Canada cannot bring any contributicn to its conception,

‘they therefore are refused access to the American plutonium

technology. Such a denial was more inspired by competition
for postwar industrial and commercial advantages than by
non~proliferation reasons.

This denial of reprocessing technology brings about the
launching in the Anglo-Canadian project of an.independant
research program which leads to the successful discovery .
of a new method ,based on solvent extraction, similar in
principle to the one universally adopted today. Such
action early demonstrated the difficulty of monopolizing
technology.




1945

1946

1952

1954

1955

The Smyth report does not describe the method of separatidh
of plutonium.

The Lilienthal-Acheson report defines "the production in
suitable quality and quantity of plutonium”, and more-
specifically "the operation of the various types of
reactors for making plutonium, and of separation

plants for extracting the plutonium" as some of the
activities "dangerous" for national expleitation and
which should be under international management.

However this report suggests that plutonium can ke
denatured into a form that does not readily lends itself

" to making atomic explosives and therefore considers as non

dangerous a power reactor using up denatured plutonium in an
installation where no new plutonium can be produced by
the presence of additional uranium.

This notion of denatured plutonium will soon be abandonned

as progress in weapon technoleogy enables explosion to
be made with plutonium rich in Pu 240.

The European Defense Community Treaty fixes 500 gr. per year

"as a limit to the amount of fissiconable material "designed

for, or primarily useful in, atomic weapons" that any partici-
pating country could produce yearly without a permission

of the Council o©f the Organization. This limitation of

a yearly production of 500gr. of plutonium was one of

the reasons of the French requests for modification of the
draft treaty which led ultimnately in 1954 to the rejection

of the Treaty by the French Parliament.

The amendment of the MacMahon Act which allows the
conclusion of agreements of cooperation in between the
United States and other countries permits the transfer
of declassified information relevant to the production
of special fissionable materials i.e. plutonium.

France publishes in detail the chemical steps of the
PUREX process at the first Geneva Conference organized
by the United Nations, this disclosure was followed
later by a similar declassification by the United
States and the United Kingdom.



1956

1957

1/

The amount of special fissionable material produced
in an installation submitted to the safeguards of
the future International Atomic Energy Agency (IAEA)
causes a major row at the Statute Conference in New-
York. The draft statute gave the IAEA the right to
decide what amounts of produced plutonium a country
could keep under safeguards for specified non-
military uses. This was considered by many countries
as giving the Agency a too great a right of intervention
in the future civilian nuclear power program of its
concerned members. '

The Franco-Swiss compromise which saved the conference
from a deadlock is the basis of Article XII A 5

which specifies that in order to prevent stockpiling
the Agency shall have the right to require the deposit
under its juridiction of any plutonium recovered or
produced cver what is needed to be used for peaceful
purposes, under its safegquards, for research or in
reactors existing or under construction specified

by the member country concerned.

The Euratom Treaty gives the right of ownership to
the Commission of any plutonium present in the
Community and not being used for military purposes.

Reprocessing is considered as a transformation
operation and does not fall under the supply Agency
exclusive right to conclude supply contracts.

The Report of Armand, Etzel and Giordani "An
obiective for Euratom" gives as an argument against
an early building of an European enrichment plant,
not only the future development of the breeder
reactors but also the probability that plutonium
produced in the first European reactors will be
able to be recycled economically thus reducing the
need of enriched uranium.

In the official U.S.A.E.C. semi-annual report
(July-December 1957) it is stated =

"Work is proceeding in an effort to demonstrate the

-feasibility of recycling plutonium as fuel in thermal

heterogenecus reactor systems. If successful, a
system recycling plutonium generated in its own
operation will be able to produce three to four times .



‘as much power from a given guantity of natural uranium,
even of a somewhat depleted uranium, as would be
possible without recycling. By this method, thermal
reactors with auxiliary chemical separations and fuel
fabrication facilities could be designed to operate
continuously without dependance on a virgin supply

of enriched uranium. A reactor system of this type
might be useful also for nations with raw uranium
resources but without gaseous diffusion plants.”

Creation of the OECD backed Eurochemic, first joint
industrial european nuclear enterprise. Its aim is the .
construction and the running of a laboratory and a
plant devoted to irradiated fuel reprocessing, the
improvement of the technoclogy and the . formation of
specialists.

The result was the spreading of the reprocessing
technology to 13 Western European countries. France
had a leading role as it made available to the joint
enterprise its Marcoule technology resulting of the
C.E.A. research work and Sailnt-Gobain's engineering
know-how. The U.S.A. cooperated with this European
endeavour at least partly in the belief that it was
preferable to steer such a sensitive activity into a
mult}national channel.

This pooling of plutonium extraction technclegy,
considered today as one of the most sensitive operations
from the standpoint of proliferation, seemed at the

time to be highly desirable within the context of
European cooperation and did not give rise to any
political difficulties.

Built at Mel in Belgium, thanks to a good understanding
between the principal European chemical industries
concerned, the plant operated from 1966 to 1974 when it
closed down for financial reasons, because of the
American British and French competition which, profiting
of larger installations were offering reprocessing
costs at 20 U.S. & the kilogram. It is now brought

up by the Belgian Government, an action that runs
counter, paradoxically, to the present political trend
in favour of 1nternatlondllzlng the administration

of such plants.

or



1958

1965

1968

1970

1971

4/ The earliest U.S. bilateral agreements indicate that
the reprocessing of U.S. supplied fuel would occur
only in U.S. facilities or in other facilities accep-
table to the United States.

It is clear that reprocessing is thus contemplated,

that it is expected to take place in the United States
and that while reprocesging outside the U.S.A. is not
ruled out the U.S retifned a veto power over it.

In later arrangements it was clearly specified that

this right of approval over reprocessing in a non

U.5. facility was related to the "safeguardability"

of the reprocessing plant in the philosophy of the
Agency statute which gives the Agency the right of
approval" sclely to ensure that this chemical processing
will not lend itself to diversion of materials for
military purposes and will comply w1th applicabkle health
and safety standards".

The U.S.-Euratom agreement, as a special benefit to the
Community, omits the usual right of approval of reproces-
sing, and furthermore the U.S. agrees to reprocess
material for Euratom if requested to do so, if the U.S.
were then providing reproce551ng services to its own
domestic licgnces.

Start of the first Indian repfocessing plant built without
significant outside help.

Article 1V of the N.P.T. tfeaty assumes clearly that
reprocessing for peaceful purposes cannot be denied
to parties to the treaty.:

Completion of a first German small reprocessing plant.
Smaller or pilot facilities are also built in Italy,
Spain and Argentina. Conclusion of a contract in
between Japan and French industry for a sizeable plant
at Tokali-Mura against British Lompetltlon and some
American industrial intersst. '

The surplus of reprocessing capacities in United Kingdom,
France and United States, responsible for some of the
Eurochemic difficulties leads Ftance, United Kingdom



1973

1975

1876

-t

already in possession of large plants and Germany which is
about to built one, to join forces under an agreement
firstly commercial, and later technological, "United
Reprocessors” with a view to avoiding the risks entailed -
in an uncontrolled development of reprocessing capacities
prior to saturation of existing plants.

Amendment to the U.S. regulations which make any assis-
tance in the field of reprocessing technology or for
the construction of a reprocessing facility dependant
of the membership to N.P.T. of the country concerned as
well as the possible multinational statute of the plant
considered.

The London Suppliers meeting 51ngles out enrichment

and reprocessing activities as specially sensitive and for
which exports should be dealt with restraint even if -under
IAEA safeguards. Following France's suggestion, it was
agreed to condition the transfer of reprocessing (and
other sensitive) technologies to the acceptance of the
non-explosive clause and IAEA safeguards not only fors

the initial corresponding plant but forany other one

the country concerned could build,in a reasonable future,
using the same process.

During the London meetings three negociations in the
sensitive field 0f reprocessing were near completion,
one concerning German industrial help to Brazil, the
other two related to French industrial assistance to
South Korea and Pakistan. -

Three corresponding trilateral agreements were modified
so as to be in strict conformity with the London guide-
lines and were presented.and approved by the Board of
Governors of the IAEA in late 1975 and 1976. There
were the first trilateral agreementswith the IAEA to
include the concept of control of technology.

Korea cancelled its contract under external pressure

and the carrying out of the Pakistan cne is at a
standstill since 1978.

The difficulties encountered by these contacts led the

"French Government to create a Council for external

nuclear policy which decided in December 1976 not to
authorize any new bilateral contracts on the sale of
industrial reprocessing plants to foreign countries,
for the time being. The German Government decided
later to adopt the same policy.



By end of 1976 only two large commercial reprocessing plants
were available in the Western world the French one at La
Hague and the British one at Windscale, the extension’

of this later being subject to a future inquiry.

No commercial plant was in operation in the States :
N.F.S5. having been closed down, the Morris plant having
been abandonned without really starting and the Barnwell
plant being still three years from completion.

2nd Part : Comments on the present situation

In the present o©il and énergy situation in the world, it
seems to me quite inconceivable that many of the main
industrialized western countries could consider abandonning,
for reasons of non-proliferation, the utilization of
plutconium as additional source of energy. The savings on
uranium which will be provided by such utilization of
plutonium will be considerable. Thus a policy of irradiated
fuel storage should essentially be considered as temporary
only because of the lack of capacity of reprocessing plants
and of the schedule of breeders.

.
»

Therefore the :issue -+ of the non-proliferation problem
in relation to reprocessing and plutonium utilization lies
in the search of ‘reasonable'solutions avoiding over-
penalties on energy production.

A first problem is the physical protection of isolated
plutonium : it seems desirable that for plutonium stocks
for future industrial uses the protection should be as
safe as in the case of weapons stored under the control
of weapons states in or out of their territory.

To minimize the preoiiferation risks arising from plutonium
utilization, the first step is the continued use of TAEA .
safeguards which are generally considered as efficient

and have ensured up to now a satisfactory protection for
plutonium devoted to peaceful uses.



The TAEA utilizes only in & limited manner confinement and
survelllance measures which are able to play an increasing
role in the industrial facilities. These measures are
thought to offer a particularly promising way to facilitate
the implementation of safeguards in reprocessing plants,
providing at the same time means to improve national actions
taken against theft.

This concept is based on the confinement existing in the
reprocessing plants, on account of the strong activity
of the materials. This confinement should be extended to
the entire facility.

Such a facility described in the French "PIPEX" proposal
at INFCE, can be seen as a tight pipe with a small number
of controlled inlets and ocutlets : the less their number,
the easier to control. Emphasis is put more on physical
impossibility of undetected diversion than on material ac-
countability, the accuracy of such an acc¢ountability being
necessarily limited in large industrial plants.

The multiplication cf small reprocessing plants spread over
many countries constitutes an avoidable proliferation risk.
Some countries could attempt to justify the necessity of
such small plants by their energy independance policy ;

but they are obviously of small economic value and they
could be made less attractive if countries possessing large
reprocessing plants were able to offer reprocessing services.

As far as existing plant capacity will not meet the demand,
creation of multinational facilities would offer bhetter
insurances against proliferation since such organization

~would render safeguards denounciation more difficult than

in the case of national plants and moreover would limit
the spread of small plants.

Joint location of reprocessing and fuel fabrication offer
advantages only for the prevention of diversion by sub-national
groups and limitation-and transportation risks of plutonium.
The advisability of such arrangements must be appreciated
from this point of view, keeping in mind that the economic
incentives are weak-and the industrial involvements are
intricate.

UDtilization of mixed oxides, the modern form of "denaturing"
plutonium, seems to be acceptable to fuel manufacturers under




certain conditions. On the other hand, any solution involving
mixing plutoniumr with highly radicactive materials should

be avoided. As a matter of fact remote fuel fabrication
technology is nct presently available, and furthermore the
development of such a technology would pose serious problems
the solution of which is not yet known. Even if these
problems were to be solved, such fabrications would be
penalized by increased costs and health hazards risks.

Separated plutonium storages are naturally the most sensitive
point inside the fuel cycle, since it may be feared that’

they could constitute an available stock for seizure in case

of denounciation of safeguards agreements. Article XII1 A 5

of the Statute allows the Agency to exercise the responsability
of storing plutcnium before its utilization.

In the mind of the authors of this article XII A 5 (Ambassador
Lindt from Switzerland and myself) it was then considered

that the reprocessing would generally take place in the

country to whom belongs the irradiated fuel and therefore

that this country could keep the amounts of plutonium necessary
for its research program and its reactors existing or under
construction, the Agency having the right to require for
storage under its supervision all plutonium in excess of those
above amcunts.

Today the situation is rather different, the reprocessing
generally takes place in a different country than the one
where the irradiated fuel is produced. Therefore it seems
reasonable from a non-proliferation point of view that,

in order to minimize plutonium transportation, the plutonium
storages should be located close to the reprocessing plants.
Their management could be in charge of either the IAEA
itself or preferably of the host country provided the
essential condition that plutonium movements be authcrized
only by the IALA Officer responsable of the storage.

The plutonium should be only released when needed either for
the research program or for the fueling of reactors in
operation or nearing completion. :

The conditions for the return of plutonium should be
determined precisely by the reprocessing countries in terms
of criteria which would have been widely acknowladged
internationally and agreed upon by the customer States
before reprocessing.. ‘ :



.10

These conditions could,for example ,make provision for
automatic restitution for energy production utilizations and
for research uses agreed by the concerned States. The release
of plutonium would be made only for immediate use, excluding
national storages ., according to a specified fuel fabrication
schedule. Reexportation of plutonium by the customer country.
could also be subject to a previous agreement from the
reprocessing State. In these conditions, the IAEA would autho-
rize the restitution of plutonium only after verification

of conformity of uses to the conditions defined bilaterally -.
between the reprocessing State and the customer country.




wi

7

5

i . ‘L | .
FORSCHUMGSINSTITUT DER DEUTACHEN GESELLSCHAFT FUR AUSWARTIGE PorLITI® EV.

i L
!

. ' ) International Conference on

L
h

RECONCILING ENERGY NEEDS AND NMONPROLIFERATION

Perspectives on Nuclear Technology and internaticnal Politics

L

13-16 May 1979, Rheinhotel Dreesen, Bonn-Bad Godesbers

The Driving Forces of Proliferation

Sir Jol:m H 4 1 1

i

Flease, de not quote without permission

*

]
i

. i ) :
D293 BONN | - ADENAUSRALLEE 134-133 - TFOSTFACH: 147% . TEL,: (lz22ry 1702y
TELEGRAMMAURESSE: EXTERPOLITIN

|
X
) - =t e e

T P U



THE DWIVTFG FORCWS oF POLIIERATTON

by Sir John Hill

A naper presented to the Conferenﬂe on.
Reconc;llnb Energy Needg and Hon-Proliferation
At Bonn, May 1979




-y

an—proliferation, it has been said, is like motherhood. Evérybody is for it.
But, unlike mothsrhood, not everybody agrecs on hov to achieve it. In this
address, I hope to explore in some detail the natwre and causes of the
phenomenon of'nuélgar weapona. proliferation: in particuiar I shall consider

the question of what role, if any, nuclear power development could have in

- gtimdating or abetting the spread of nuclear weapons. This will lead me on

to the main theme of this talk: the balance between technical and political
factors in the fight against proliferation. |

The birthuof nuclear energy can be said to ha&é ceeurred in the cloging years
of the 19308 at which time the possibility of nuclear rezctions, though known
for some time by a small elité of theoretiéal ﬁhysicists, first came under the
éctive gerutiny of the scientific community at larée. From that time on, the
theeretiical possibilify exigted for any nation desirous of so doing to harness
the energy of the alomic ﬁucleus either for controlled use in power production
or for purposes of destﬁuction. What haé teen termed the greatest;étomic |
secret, the question of whether a weapon based on a nuclear reaction could ﬁe
mzde to defonafe*with a plgnificent yield,'was revealed to the world at_}arge
in August 1945 with the use of the atomic bomb cn Hiroahima and on Nagasaki.
Ap from this time, the existence of a nuclear wéapons;technology hag been an
incontrovertible and irreversible fact. Any nation henceforth, if firstly it
had access to the technology of nuclear weapons fabricatién {(by no means an-
easy matter), and secchdly to an adeguate supply of oné of the fiésile
materials U—235, Pu~239 ér U-2%3, to a gufficient degree of purity, was now in
& position.to join the nuelear arms race if it so desired. My subject %his

morning will not be the question of access to weapons fabrication technology,

inportant fhough this is; my remarks will be confined to a consideration of the

routes available to a nation seeking to gecure a supply of fissile material




sufficieht for a Qeapéﬁs programme, that is to may a quantity of scme tens

of kilograns 2 year or more {a emaller quantity than this_wou1d be of
negligible signiflcance) In perticular, as I have said; I ghall want to
consnder the exﬁent to which 2 nuclear power progrémme could or could not
facilitate thig task,

In.public discussions of the pfoliferation'problem, the aiténtion of the worid

has largely been focussed. on just one of the fissile materizls I have mentloned,

Anamely plutonium. Thore are indeed undeniable hazarda assoc;aied with the

unsafeguarded production of plutonium and it is right that all due weight shoﬁld

be gi#en to these. At the same time this should not serve to blind us to the

equal or even greater importance in this respect of isotopic enrichrwent methods,
as & means for the productlon of U~255 this route to the production of
leSlle material might, in my view, in gome cages offer a potential advantage to

the would-be proliferator, simply in view of the smaller spale of operafions

'involved.

Coning oﬁ now however to the question of plutoniuvm production methods, it is
clear that a congiderable range of:techniques is available tp the sfate
seeking a supply of Pu-239., High on the list would of éourse be dedicated
production reactors: =0 alsgo would be certain'types of research reactox.
Lover on the 11 gt, in my v;ew, would come acceleratora and power reactors.
Accelerators, because no such machine has yet been built of sufficient power
to be able to produce fissile material in the kind of annual quanfitiesrwe are
discusaing. Yower reactors, simply because this is a digproporiionately
expensive way of obtamnlng the guantities of fissile materlal one would need.
I shzll shortly atuempt to enlarge on the difficulties associa$ed wlth thia
latter route. i S

The point that carnot be let slip in‘all of thie is that the possibility‘of
produbing nuclear materials of this kind does not of itself act as one of the

driving forces of proliféra.tiona The theorstical possibility of any numbex
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cf natidnSKattempﬁing {o construct nuclear weapons hag, ag I sald at the
beginning of this talk, been with us'for the last thirty years oxr more.
During this time fissile materials have been lsclated. and processed in
'_ébunaance, without more then a handful of naticns having gone down the road’
towards a nuclear weapons capability,. The Nen«Proliferatioﬁ Treaty of 1968

- has provided over a hundred number of states around the globe with the
means of registering in a clear gnd unambigucus mammer their intention to absfaiﬁ
from nuclear Qeapons developmenf. One ares of the world, South Amefica,-is
well on the;way tﬁ tﬁé establishnent of the militarily,dengclearised zZone,
provided for by the Treaty of Tlaté;olco. There are further treaties-setting
constraints on the deployment of nuclear weapons in outer space and the |
emplgcementrof nuclear missiles on the sea-bed. It is thus clear that the
mefe exigtence of a tgchndlogy of thisg potential has not of itself been
sufficient to drive the gféater-par% of the world into the arms of. the nucleai_
“d;f;r£ént. The element of political will, witnessed by this reluctance by
most countries to encourage the spread of nuélear weapons is, I submit, of

the first importanée in assessing the causes of and remedies for proliferation.

What then ié the position of civil muclear téchnolcgy in the prolifexation
mechanism? That nuclear power is 2 sﬁfficient condition of proliferation,

' unfaiiingly regulting in é epreading cf the bomb, as’has been'alleged by some,
is, I think, clearly a suggestion lacking plaisibility. That muclear pover |
is not furthermore a necesszary condition of nuclear weapons fabrication by é
natibn go minded to do is clea; if we consider the many alternative routes to
fissile material that I have 6ut1inedi But, though neitherig sufficient nor
a2 necessary condition of nuclear weapons, is ﬁuclear power at the least one‘,
pos:;ble method whereby the proliferation could secure access to the fissiie
material needed for a bomb?'_T£e'answer to this question is of course yes.

The potential of nuclear materials in civil use, if diverted to military

applicationsrhas'been recognised by the civil nuclear industry from its

3.
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inception, ﬁence, in large measure, the cover of secrecy under which some of‘
the eariy de;elopment of the civii technoiogy had to be carried out. Qhat has
also been known is that technical mearns could be devised to render the
diversion of ruclear haterial from civil to military use extremely difficuli}
indeed effectively impossible without alerting the attention of the world at
large, It ie my belief that this technology, poupled with the inherent
ﬁnsuiiability of the civil nuclear fgel cyecle for ﬁilitaxy use, will conspire-
to maké this ﬁerceptibly a far less suitable route for the would-be proiiferator
than an& dedicated facility.

Can reactor—grade plutonium be used to form the fiesile core of a nuclear
weapon? That some kind of explosive assembly can be put together in this way‘
has been confirmed by the release of a report from {he United States Energy
3esearch énd Development Administration (ERDA) on 5th September 1977: this
.anneunced the guccesaful detonatioh, in the course of experiments understcoi .
to have béen carried out in the late 19405 or early 1950s, of a nucleér
explosive made with the use of plutohium of relatively l&w §u—239 content,
recovered by the reprocessing of nuclear fuel. But what does this réally pro#e?
That reactor-grade plutonium can be used without further purification to make
an explosive of some-kind? So indeed it would appear. That this is the most
efficient route for constructing a muclear weapon? Aiﬁost certainly not. That
it is a course easily available to most ﬁon-Nuclear—Weapons~States in the world
today, if posséssed of a civil muclear fuel cycle? Host emphatically not.

The conditicns under which the ERDA explosive was assembled, in particular the
cléak of secrecy which could legitimately be throwﬁ around the proceedings,
made this a situation in no way resembling that which obtains in a country

* whose nuclear facilities are under international safeguards.

International safeguards aie the cornerstone of measures to demonstrate that
. eivil facilities are noit being used for weapons purposes. We can and should
geck to ensure is the enforcement in nations whose facilities are undex.

safegugrd' of measures which would make it as difficult and as tine-consuming

Li,,i, e ‘ A
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to divert fiesile material from its legitimate uwse to weapons production as
to build a completely separate weapons capability.’

Whal would this inveolve? The criteria one could senaibly adopt in evaluaiing,

the proliferation-resistance of fuel-cycles have been looked at in the context

of the NASAP programme in the United States and are currently being examined
ag part of the International Nuclear Fuel Cycle Evaluation programme (INFCE).
On the basis of studies of this kind, it is possible to identify a number of

criteria of relevance to the comparative evaluation of fuel-cycles in this

respect. MAmong these one might single out the following as being of undisputed =

_importance:

~ Quantities and distribution of Special Euclear Material : one would need .
to consiéer the numbexr of sites over which ZI was diétributed and
the transport requireméﬁts which this entailed

~ Form of Material : the ﬁccessibility of the material, its chemiéal form;
ite isotopic compoéition |

- The néture §f the ﬁuclear facilities ¢ in Particular, the time and the
regources needed to divert SNM to usge in a Weapons programme

- Protectability : the safeguardability of the material, and the time in
which and ease with which diversion.and misuse can be detecteds

The last two criteriaz are to my mind of particulsr importance and the elements 

of delay and timely warning must rank high asong the objectives of the

technical means adopted for non-proliferation purposes.

The kind of technical meang with which we shéll be concerned can broadly be
divided into those we can describe as safeguarda tasks proper and those in a
Bsenge more intrusive measures aimed at affecting not only the operation but the .
very nature of the nuclear fuel cycle. Time does not permit that T ghould
gpeak in detail of the eéfeguéids task, which wi%l in any case be a familiax
subject to moat of‘you hére today. Az you wiil kgow,lthe TARA was charged

under its Statute with the safeguarding of muclear materials in civil use and

5..




the Non-Proliferation Treaty and the Treaty of Tlatelolco 1a£er referred to

this functioﬁ} The principles of ﬁaterials accountancy, containment ang

- purveillance employed by the Agency in discharging its functions will be

_ familiar to most of you., The United Kingdom has also been active in seekiﬁér

ways in which the concept of full fuel—cycle'safeguards administered'hy the
IAEA, could be made acceptgble even to countries whd do not feel able to accede:
to the HPT. |

The Brifish deernﬁent hag always gi§en maximum support to the IARA and to
safeguards arrangements concluded under fhe T. In particu;ar, in common

with the United States, the UK hag made a Voluntary Offer to the IAEA whereby
all of our givil‘nuélear facilities are open to scrutiny bi‘fhe Agency's
Inspectdrs; We are aware that the world at large welcomes this action by the

United States and Britain and indeed I feel it Tight that the Nuclear-Weapons-

Sta@es_shoﬁld be seen to enjoy no specific privileges in respect of their

civil activities.

Nobody could say that safeguards arrangements, whether_they are administered
by fhé.IAEA or whether by EURATOM,Vadmit of no further improvements. Beyond
question there is scope for improvement in the techﬁiqal means addpted for the -
verification of nuclear materials. Theré will almost certainly be scope in the
design of industrial-scale fuel plants for the incorporation of new design

concepts aimed at facilitating the application of safeguards. And there is an

-unquestionable case for an increase in the number of the Agency's Inspectors.

" But while there is room for improvement here, as in all other walks of human

eﬁdeavour, I feel nevertheless no hegitation in asserting that the safeguards
task with which the Agency is charged is and will continue to be-gamried out

to a very high degree of effectiveness.




Coming oh now to ﬁy seéond main sub;division of technical non—proliferafion

- matters, namely the technical choices to be made between-giternative fuel
cycles, a great deal of work is of courpe in progress around the globe in the
‘ dontext of fhe INFCE programze launched by Presideﬁt Carter in 1977. There
is of course a staggeringly large range of choices tﬂat couid be made with
resPect té the nuclear fuel cycle, any of wiuch might appear to bear in somer
degree on the guestion of_non—prqliferation. The subject is’anrenofmous one
and I could not hope to cover it even superficiallj in a talk of this.leﬁgth,
It is easy enough-howéver to identify some ﬁf the areas with which one would -
have to be concerned‘if one were to-attempt to treat this subject:properly.

.In the first place one would have to look at the various fuel cycles.currentlyr
under discuésion ags alternatives to the uranium/blutonium cycle: the once~
thiough fuel cycle, the vaiious tfpes of thorium fuel cycle and others. 411
of thege are righ;tly receix.fing careful scrutiny within THFCE and el.sewhere;
‘.'ié.;eeﬁs however likely to me that on detailed consideration there will aﬁpear
4o be little to choose between these and the more.conventionallplutonium—based
cycles, given an equivalent‘systemlof safeguards. Of courge on this last |
point it will bve important to ensure that future nuclear installations are
-designed so ag to mazke the application of safeguards as easy as possible.
Secondly, within the context of the uranium/plutonium_cycle, one would need

to consider the extent to which the separation of pure figsile material is
necegsary at thé reprocessing stage, and whether some system of co-conversion
'or, perhaps at a later stage, co-processing would not be equally feasible.
Hére one might wish to look inter alia at the so—caiied CIVEX system-suggested
by my colleague Dr. Walter Marshall and by Dr. Chauncey Starr of EPRI. Vhile
not likely to be of immediate application, the CIVEX concept could, it is -
thought, eventually be adopted‘ig a mature fast reactor programme, assumiﬁg
that out-of-pile times cgn‘be pufficiently reduced below their present level.

Thig concepl, as you'will know, involves the incorporation of a certain amount
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of short;lived fisgion~-product sctivity into the blended product being fed to
a fést reactor, providing a radiation shieldrﬁhich 1éssené the likelihood of
diversion by'lengtﬁening the process time and increasing:the probability_of
detection inla gafeguards systeﬁ. Such a concept would however in all likelihood
entail economic and possibly envirohmental penalties and these would need to be l
taken into account in determining upon the desirability or otherwise of its
adoption. Again, though here more in the context of the fight against |
terroriem than under the hea&ing of nbn—proliferation proper, one would wigh to
look at the ﬁhole guegtion of tranSport,‘and the ways in which thé'transpoét ‘

~of fuels of a high fissile content can beAmade & safe and secure operation.

-One would wigh to ask whether this can best be achieved byrthe use of special
vehicles, and if necessary of armed guards, oxr whether it would\be prefefable

to reduce this potential hazard by some degree of co-location. Cne would want

to look at ways in which the improved physical protection of sites could be of
'vélue in facilitatingwthe safeguards task., And finélly, and perhaps most
importantly of all, one would wish to look at th? various enrichment technologies
and at their relative degrees of proloferation-resistance.

Al of these technical choices are of gre%i impbrtance. But equally such
technical questions cannot be considered in isolaiion from the institutional
‘feaiures that are assumed to obtain. In the last analysis, I believe; it is

these institutional features that will come to be seen as the main determinants

of the proliferation resistance of fuel cycles. To take one familiar example,

it is often asked whether a fuel cycle involving reprocessing is é better or a
worge thing from the proliferation standpoint than one simply involving the

gtorage of spent fuel. But this, I subtmit, is the wrong way to ask the

question., For there is in my view nothing in the nature either 6f reprocessing

or of:spent fuel storage that'is of itself conducive to weapons proliferation.

The situation thét we find in the world at present ig a groﬁing mmber of

.countries.who each have at present only a small nuclear conmponent in their



generatiﬁg gvatems. Fcﬁ countries in this category there is little or no
attraction ecbngmically speaking in ihsfalling their own highly capital-
intensive reproceassing capacity. The natural and most atfractive solution for
éouhtries in this position is to purchase reprocessing.services from mﬁ a
existing plant such as Windscale. As an al&éfhétive,_such countries could

participate perhaps together with suppliers, in the establishment of aome‘kind

" of multinational institution which would provide fuel-cycle services on a

non—discriminatory'bagis to countries with a legiiimate end-use for the figsile
materials. The development of an internatioﬁally’acceptabie framework for \
fuel-cycle centres of-this kind is likely to take some years. In'addifion,
there is a strong case for seeking international agreement on a regime for
handling separated plutonium. A system for the international storage of
pilutonium is already under.discusaion within the IAEA., Vhere cqﬁnt;ies have a
rqu;fgment to separate plﬁtonium for energy oxr research purposes, a systen of.
fhis kind could make é valuable contributiop to providing increased donfidence
that the ﬁovement and use of plutonium are internationally known and carefully

monitored. An IPS regime could moreover be applicable not only to material

7

- peparated in the future, but also to stocks of plutonium already separated.

- Alternatively, where a country had no use for plutonium, complementary multi-

naticnal or internaticnal arrangements could exist for the storage of spent

fuel, which would again prove economically more attractive to such cougtries

than a national storage facility. 'There ig no doubt in my mind that arrangements

of this kingd, whére plutonium ﬁould be returned to cqstomer states only under
paleguarnds, would minimise any ﬁroliferation riék from spent fuel siorage or
reprocessing, | -

Were on the other hand arrangements of this kind not to be avéilablelfor‘one'
reagon or another, then countries in this position would be obliged in the

short'term to extend their spent fuel storage capacity: in the longer term,

they might, for reasons of security of energy supply, find it increasingly -
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attractive o provide themselves with an indigenous reprocessing capability,

even despite the economic drawbacks of’ this course of action. Such developments,

while they of course would by no meang necessarily lead to the decision'to_
separate fissile ﬁaterials for militaxy purposes, nevertheless mut fewer
barriers in the way of weapons ?roliferation than £he kinda of multilateral
arrangemént I havé Just spoke of. |

Vhat all of this shows is that what appear to be purely technical questions

turn out on éloser'analysis to have a large political dimension, and while we

can and should submit- these technical issues to séarching.scrutiny, we should’
not forget that thislis only helf the story. Indeed at the end-of the day if
is the politicel measures which will in my view turn out 1o be the réally-
impprtant isaue.

On the basis of what we have said so far, what should then be our gtrategy
wi#@ respect to the future of nuclear powexr? BShould we in fa;t be permitting
’further civil nucleérudeveloﬁments at all, or should we folléw the advice of
those who tell us that any civil nmuclear activity is a potential proliferatidn
risk and that the wdrld ghould cut loose totally from the nucléar option?
From vwhat I have said, it is, I hope, clear that I do not believe that the
limitation of nuclear weapons in any way calls for the cﬁrtailﬁent of nuclear
pqwér progrémmes. Stopping ruclear power programees will not make the
proliferation pioblem go away: the problem is primarily a politiéal one, and
the least that could be said of the proposed strategy of cutting back on
nuclear power is that it would prove fotally ir:elevant to the task at hand.
Indeed I might go further, and say that such a cut—back\wOuld if anything
jeopaxdise our non-proliferation objectivés, for the simp;e reagon that it
would prove unacceptable to those nations on whosé co-cperation we rely in

our attempt to ensure that-non-proliferation remains‘possible.
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For the femainder.of this century, there is no-éoubt that the world!s nuclear
pover capacity will‘continue-to be made up in the main of fhermal reactors
operatiﬁg on a once~through cycle, and that the extensive commercial use of

- ﬁlﬁtonium és a ngclear fuel in any part of the worla is s£i11 some ten to twenty
yéérs,off. This provides us with a breathing—sbaée, %hich we should use to
explore ways in which we can help to maximise the prpliferation—resistance of
plutonium-based fuel cycles, in_preparation for the time that their.cpmmercial
development becomes desirable. It-is, I think, now generally accepted tﬁat the
reprocessing of nuclear fuel and the use of plutonium will in the fullness ofi
time become a necessity for many oflthe countri§s who have a nuclear. power
programme. How soon this necessity will arise will depend on features which
will vary cdnsiderably from country to country, such as the availability and
cosf of indigenous urépium-resourﬁes and the size of the expected muclear power
installation pProgramme, which may in its turn depend on the availaﬁility and
é&éé of other fuels. It nay depend on other non-economic criteria also. One
important 9bjective of the INFCE wili he to sel out criteria for the introduction-‘
of plutoniun-fuelled thermalrreactors and faat reactoﬁs, which will enable
countries to idgntify their 6ptimaquourée of action given their own_position
~in respect.of energy supply and deﬁand_and othexr factors. Eventually however the
need for the use of plutonium as a nuclear fuel will come éven to  those
countries at present best endowed with indigenous resources. Thermal recycle-
will probably be seen by only a small minority of countries as being of major
economic bhenefit, and for most countries the economic case for this fuel cycle
will at most be marginal, The fast reactor fuel cycle b# contrast will, I

feel certain, come'eventually.to be seen by all countries wi%h a major nuclear
component in theif generating systems as offering a significanf economic
advantage over the urahium~béséd pnce—through cycle, and will eventually
supersede the therﬁal reacfor cycle as the mainstay of the world's nuclear

- generating capacity. And so long as we have the righf ingtitvtional features,
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there is in'my opinion no reason why the use.df rlutonium as a fuel ghould
render impﬁac%icable_the ?aék of frotecting fimsile méterials.
Again it might be asked, would our best strategy be to retain all of our
civil nﬁclear‘teChnolbgy including fast reactors, but do all we can to 1imit
the access of any further nations to tﬁis teéﬁndldgy? Would this ﬁelp to reduée i
the risk of the technologylbeing rut to military use? My conviction is that
| this would be a profound misﬁake. It was clear to the nations which
negotidted the'Hon;Proliferation Treaiy that if the vast majority of the
countries of the world were to be persuaded to give up a defence option of
-gregt?significanée, then this could not be done withoui at the very least an
adeqguate quid-pro quo being offereq. The‘incentive that was offered fo the
Non-Nuclear-Weapons-States in the NPT, and it was in my opinion the correct
incentive, was assistance from the nations with the greatest'ngclear expertise
torthe.non¥ﬁuclear weapons states in developing &all thoge applications of
nuclear energy which_eould'be de%eloped without the risk of nuclear weapons
proliferation. Important elements in the NPT are of course Articles I and II
vhich outlaw the transfer of nuclear weapons technology: but an equally
important article in my view is Article IY.2rwhereby'parties to the Treaty
‘undertake to fapilitate and have the right to participate in the fullest
posaible eichange‘of equipment and materisls and scientific and technological
information for the peacefﬁl uses of nuclear energy". The idea that the
safeguarding of the nuclear fuel cycle should go hénd iﬂ Land with the promotion
of the peaceful uses of atomic energy wag zlready implicit in theVStatute of
the IAEA, which from its inéeption was given the dual tasgk of promoting civil

niclear power and of setting up and admihistering the safeguards regime.

Whatmikﬁave paid should not be taken as endorsing the unrePtricted spread of
nuclear fécilities toc countries that can make no real uge of them, This

‘would clezrly be foolish. What I do however most strongly believe is that,
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wherernatioﬁs are in a position to benefit from nuclear power, then the world
ig not only eﬁtitled but even in a sense duty-bound té agsist them in the
dévelopment of the peaceful uses of nuclear energy, always provided that
adequate saféguards ai¥angements can be agreed. If the developed worldris hdt
prepared to share 1ts use of nuclear technology in this wa&, this can have only
one consequence. Almost ineviiably, if a country is refused ‘access to the use
of this‘technology on reascnable terms, then it will feel itself impelled to
obtain'what has beén refused by meanslof indigenous defelopment. We have seen
this after the war, where the exclusion of Canade from the UK/US accords on the
protection of nuclear information led to the decision by the Caﬁadiané to
develop'thei; own réactor gyatem, the reactor which we now kmow as Candu.

Ve have seen this in other fields as well, As I héve gaid, I feel certain.that
if the western world were to persist in a refusal to provide reprocessing
Se?yices to‘the le=zg developed countries, then this could havernly one gffect:
tﬁat these countries quld perforce atfempt-to develop their own reprocessing
technology. The international community would ha;dly then be in as good a
position to regulate the uses to which reprocessing techmnology was put as @t

would have been if it had provided adequale services in the first place.

To what extent then is non-proliferation a technicél‘question? ‘And how far is
r'it 2 problem which can be addiessed purely by politicéi means? In a gense of
courge these two aspects of non-proliferation carmmot really be separsated.
However, to the extent that we'can answer this question at all, our conclusion
mugt I believe be that it is political factors to which we must primarily look
in sseking the remedies for proliferation., More than anything élse, what -

- guides the choices of nations faced.with the question of whether or not to
develop nuclear weapons, is %heir pexrception of their national sedurity and of
the extent to which tﬁey cén rely upon the international community to protect
. them in the event of a nucleai attack,.withdut-the need for their own nuclear
weapons arsenal. The British Foreign Se;retary.gave ug I think a penetrating
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account of this matter when, speaking in May 1977, he said: "There is a

direct link bétween removing the incentive to acquire muclear weapons and the
creation of conditions of stability and security. The reverse of the case is
a reéipe for nuclear conflict., The quantitative threat of proliferating nucléar

weapons can only be contained by a qualitative improvement\in the management of

- international relations". In illustration of this, one finds in the statements

madé by a number of natiorns at the time that they signed the NPT in.1963,__
references to the_impprtance that these nations attach to the proﬁiée of'-
intervention by the United Nations Security Council in the event of their1béing
threatened with nucleér attack, TIf we are to be successful in the struggle

egainst nmuclear wespons proliferation, one importani objective must be to

_ensure that the non~nucleax weapons states do not. regard their military

security as beiﬁg endangered by the non-proliferation regime. This may involve

the international community in concerted political action if the occasion so

‘demands. It also involves the protection of other vital interests including,

I believé assurance adequate energy supplies to all nations around the world,
andlit is from‘this,point of view %hat the development of civil maclear
technology may be of especial importance in assisting us to fight against
proliferation. |

Again, while technical choices in the muclear fuel cycle are imporfant,‘they
are important only in the context of insti?utipnal safeguards arrangements.
Political choidésrof this kind are an-indispensable correléte of the various
technical choices that I have earlier outlined. Sucb an exercise asg INFCE -
Awill‘succeed in its objectives only if it manageeg to keep in viéw these aspects
of the proliferation problem. | | c |

The @ossibiiity of nuclear power and possibility'of nuclear weapons have both
been with uva now for many years. To a very considerable extent the deveiopment‘
of these two technologies has been separate. DBut in the last analysis there '
is-no such thing‘as the éivil atom or the military atom. An atom is a neutral
thing and techno;ogy is a neutral thing. It belongs to the most important.
moral and political dutiés incumbent upon mankind as custodiang of this earth

{0 ensure that the technology of nuclear energy is one that is turned not to
evil but to good. )
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Let me begin by expressing my pleasure and gratitude for the épportunity

to be here today to give my views on proliferation resistance of methods of

‘enriching uranium and of reprocessing spent nuclear fuel, It is especially

a pleasure to join in this discussion with Prefessor Beckurts, with whom I
have had a close and intellectually rewarding experience for many years,
I must add that the remarks I shall make are entirely my own personal
views, I am not here as an employee or a representative of the Government
of the United States, but because of the personal invitation you have made me.
You should find a substantial degree of agreement between my views and
those of‘Professor Beckurts. After all, we are both technical pecople, We
start from a common data base, and to a iargé extent our understanding and
appreciation of the role of nuclear power have evolved in a siﬁilar context.
No doubt there is some divergence of wviews, and both the similarities and

differences will.appear as we go on. Some of the topics I shall take up are

‘recent developments in the United States. These will certainly ensure that

we do not say the same things throughout,

At the start, we discuss proliferation resistance of fuel cycles in a
larger context, We can begin with agreement that there is no proliferation .
resistant nuclear fuel cycle or nuclear power process in the absolute sense,
There is no way to design or choose such systems which completely avoids the
possibility that they could be used as the starting point in a program to
produce nuclear weapons.

This is a truth which technical ﬁeople realized at the outset of the re~
examination of nuclear fuel cycles that has been taking place during the past

two or three years, and a realization that the interested political analysts

‘have reached more recently. We have all therefore rephrased the questions

being asked in this examination of fuel cycles, to the more cogent ones of -
what are the differences among our options as regards senmsitivity to prolif-
eration, economics, and other characteristics; and, is there something that
should be done to strike a better balance among the imperatives? I belong to
the group that believes we can profit from analyzing our possible courses of
action in light of these questions, and that in fact we may possibly find that
some redirection can lead to choices regarding nuclear power that are more
socially acceptable than would be developed following current trends,

We must avoid pressures to conduct such analysis in a quantitative mode., -
Proliferation resistance itself is not quantifiable. It is usually hard

enough to calculate things correctly when tﬁey can be quantified. Attaching
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numbers to qualitative values serves usually to mislead or confuse. It is
most often done only to make the answers come out the way we want them to be,
in a manner that hides the completely subjective character of the analysis.

There are differences in the characteristics of nuclear fuel cycles and
of technical options for nuclear processes, that affect the ease with which
the fuel cycle or the technical process may be used as a springboard to de-

'veloping a nuclear weapons capability, This is indépendent of the guestion
of whether a determined choice of some nation to "join the nuclear club" would
in fact use the commercial fuel cycle as the starting point. There are rea- .

- sons why a country on the way to developing a nuclear weapons capability might
find use of existing commercial capability to be attractive, and there are
reasons to believe that plans to take such a course have in fact been seriOusly‘~
entertained. Therefore -we must not reject the possdbility. But in the last
analysis, the option would always exist to adept a fully clandestine path,
using facilities built and operated entirely for nuclear weapons purposes,

" If steps are to be taken either in a technical or an institutjonal way to
preclude use of commercial nuclear facilities in nuclear weapons development,
there is no reason to do more than would lead the country in question to
choose the clandestine course. Beyond that point no additional proliferation
resistance of commercial cycles would have any value.

Let us now turn to the subject at hand: the implications of isotopic
separation and spent fuel reprocessing for proliferation of nuclear weapons
capability, We discuss first,enrichmént. ' '

There is a growing realization that of the methods that have been suc-
cessfully developed so far for isotope separatiom, the gas centrifuge 1is the
one that is most'closeiy tied to possible scenarios for proliferation of‘nué-
clear weapons capability. Of the several regsons for this linkage, the most
important is the relatively low level of technoleogy needed to design, build,_
and operate centrifuges for isotopically separating uranium. This dees not
mean that the technology is really simple. After all, it has taken consid-
erable time and financial investment for the Tripartite centrifuge partners
to achieve technical success and to build an industrial capacity of some size,
But it is true that the technical competence required for design, construc-
fion, and operation, at levels of efficiency and competence needed for a modest
weapons program, is widespread and is not simply the property of a few coun=
tries. After all, the well-known work done by Zippe in the United States
after his return from the USSR was accomplished using the relatively unso-

phisticated machine shop at the University of Virginia. The centrifuges de~
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veloped there ﬁad characteristics that would make them quite acceptable in
cascades producing enriched uranium for weapons use by a country developing
a new capability of this kind.

There are philoSOphicél differences betwzen the technical approaches
that have been pursued in different countries in developing gas centrifuges.
Without developing this point further, I would onl? like to say- that centri-
fuges embodying a2 lower level of technology would be more readily subject to
misuse than those of a higher level. For this reason, it appears to me that
there are even more important reasons for protecting the lower level technol-
ogy from spreading to potential new weapons states than for protecting high
technology. | | )

The gaseous diffusion process 1s certainly less suited -to misuse thfqugh
producing separated uranium for nuclear weapons than is the centrifuge, In
fact, a gaseous diffusion cascade designed to produce slightly enriched
uranium for LWR's ccould only be used to produce uranium of weapons quality
through operation of the cascade far from any condition of good efficiency.
Throughput would be very low, and equilibrium times would be very long.

The same is true in some respects for the nozzle process developed in
Germany. However, I think that it is in prinéiple more easily possible to .
change the number of stages of a nozzle cascade than a gaseous diffusion
cascade. But this point really depends on specific designs of diffusers for
both processes, and good design could negate‘of even reverse the conclusion.

There is, of course, a French concept for producing slightly enriched
uranium by a process which has not been revealed, 1T cannot comment on the
proliferation resistance of this process, except to repeat the view of
French authorities that the'process could not readily be used to produce
highly enriched uranium.

Finally, there are more advanced methods of separation being worked on
in a number of places. These include use of lasers and of electromagnetic
principles. Recent reviews have indicated that it should be possible to de-
sign and-operate at least some types of laser isotope separation system in
ways which would make it very difficult to produce highly enriched uranium
through use of the same equipment., This is only ome input to the question of
whether laser isotope separation might be used toward nuclear weapous purposes.
It might help to answer the question of whether the Exxonm Corporation could
surreptitiously use its proposed isotope separation plant at Richland, in the

State of Washington, USA, to produce weapons grade uranium, That, however, T
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regard as an unimportant question, . We‘really would like to know whether some
noN-weapons couﬁtry might use theftechndlogy to gét material for nuclear wea-
pons. I doubt this very much, particularly for the next few years. Powerful
lasers with the right characteristics will not be ordinary items of commerce,
and the ability to construct them will not be widespread. At any foreseeable
time in the future, and in the absenCe'df discovery of any simple and cheap
alternatives for isotope separation, the simple gas centrifuge would always
be the choice of any nation seeking to develep a nuclear weapons capability
based on enriched uranium.

We now take up the subject of reprocessing, A number of processes have
been successfully used for separating uranium, plutonium, and fission products.
The most interesting question to be asked at this point is - how do other pro-

" cesses compare in proliferation resistance with the Purex process, which is
the commonly acceptable commercial means?

. There is certainly no advantage to be found in the older batch methods
based on standard preocedures for chemical analysis., The particular aspect‘of
chemical reprocessing that has drawn attention in all reviews of the relatiom
to nuclear weapons proliferation is the generation of separated plutonium im
a form that can be handled with relative freedom, Ordinarily, the produect of
the spent fuel reprocessing is separated plutonium, valuable because of its
potentiai use in recycle fuel for LWR's or.new fuel for plutoniummcycle
breeding. -

In my Vieﬁ, there is not much advantage to be gained from coprocessing,
which is a concept according to which the produet stream would contain the
plutonium and the uranium mixed. It 1s easy tc obtain separated plutonium
from a coprocessing plant either by drawing directly from a pure plutonium
stream within the process where it exists.before remixing, or through straight-
forward chemical treatment of the coprocessed product. A high throughput
chemical separatiom process could be operated in a small line of high-alpha-
activity dryboxes, or in a small hermetically sealed room.

‘The Civex process that has been proposed by Walter Marshall and
Chauncey Starr adds to ceprocessing a new dimension of activity spiking.

This is to be achieved in a reprocessing plant which has been designed so
that no internal stream and ne product stream contains plutonium separated
from active fission products. Furthermore, the plant is to be so designed
that comverting it to be capakble of producing pure plutonium would be diffi-

cult and time-consuming.




There is little doubt that a plant designed according to the Civex pre-
scription would itself be substantially more resistant to misuse in producing
pure plutonium for weaponms than a more.conventional reprocessing plant, though
careful review indicates that turning CiveXx from a concept into reality has a
long way to.go. The principal.improvément in proliferatien resistance would
be found in reducing the subnaticmal threat, since a terrorist vroup could
not take over a Civex plant and readily-extract plutonium,

I alsg believe that the advantage against proliferation by a nation that
might use Civex in its commercial fuel.cycle is only marginal. It is not
necessary to modify the Civex plant to produce plutonium., Tt is really only
necessary to extract the plutonium from the product of the Civex plant in a
separate process elsewhere, using equipment similar to that used to separate
plutonium from coprocessed fuel. The principal difference would consist of
shielding_against the high radiation level. The separation of Civex product
would still be simpler than chemical processing starting from hot, clad, spent
fuel.

Civex would also possess one other feature in common with other systems
of reprocessing or emrichment, that would lower barriers against proliferation

capability. The designers, constructors, and operators of the plant would

constitute a trained and experienced cadre of scientists and engineers who

could more easily and successfully be used for clandestine plants.

The fuel cycle that is commonly used in American analysis as a basis for
comparison on proliferation-resistance is the LWR, once-through. It must be
granted that this is more proliferation resistant than processing the fuel,
After all, getting plutonium for nuclear weapons would then require develdp—
ing the chemical processing capability on a clandestine basis, and would pre-
clude starting from a previously existing commercial capability. There remain
questions as to how important are the differences, and what can be achieved
taking into account the need for nuclear power? These questions are reserved
for the end of my comments. -

There is one chemical processing scheme that comes close to no processing

at all, and which would still permit recycling plutounfum. This is the Airox

process, developed a number of years ago by Atomics International. It works
in the following way. A spent fuel rod has holes drilled in the cladding in
a line from one end to the other. The rod is then exposed in a furnace to
oxygen at about &00°C,. Formation of U3O8 occurs, accompanied by volume ex-

pansion which breaks open the cladding along the line of holes, like a zipper.
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The fuel falls out in the form of a powder, sincé the sinter bonds are broken
by the volume éxpansion. The fuel is then reduced again to U02 through ex~-
posure to hydrogen at about 650°C,'and reformed intd pellets. In the course
of the process; the cesium, noble gases, and halogens are completaly removed.
Ruthenium and tellurium are partly removed. The process has been tested out
and demonstrated on a bench scale,

Use would be made of Airox in the fuel cycle through adding fresh partly
enriched uranium before reforming and sintering, to produce a mixture whose
fissile content is suitable for return to a LWR, This accomplishes plutonium
recycle without chemistry - at least without wet chemistry.

The process could be repeated a number of times-after successive eXpos~—
ures in the reactor, At each stage the fission product content’'would be

~ greater than in the previocus stage, but the principal effect on neutrpnics
would only be through requiring higher fuel enrichment in successive étages.
In time the conversion ratio would be depressed, too, and this should déter—
mine when the process stops.

The system has several advantages. It would stretch the value of fuel
about as much as would recycle based on wet chemical reprocessing{ It would
avoid the loss of actinides during reprocessing, which is the cause of the
long term problems of nuclear waste. It would dramatically reduce the volume
of nuclear waste, which is associated mostly with high-and low-level waste
water streams from reprocessing. It would lead to a small but interesting
rate of burnup of fission products, because these would spend a major frac-
tion of their active lives in the flux of 2 nuclear reactor. It would have
‘two disadvantages. Airox is probably not a suitable experience base for re-
processing for a fission breeder economy. And the storage of fission products
in the nuclear reactors would increase the level of land coutamination that
could result from a serious accident.

Qf course, the long term future of nuclear power rests in the plutonium
breeder., There is little doubt in my mind as to this point, and I believe
there is a growing acceptance of it as fact in the Government of the United
States. There is, however, a question as to when the breeder will be needed.
It appears from recent analysis that the need for the breeder in the Uniﬁed
Stateé can be deferred somewhat beyond dates that were accepted a few years
ago, though this view is by no means unanimous in the United States, Indi-
viduals who believe the need is farther away are optimistic concerning the

amount of uranium in mineral deposits in the United States., Individuals who




believe in an eatrly need for breeding are pessimistic concerning the ability
to remove that uranium from the ground fast endugh to supply needs that will
exist around the.end of the century. The opinion as to whether thé breeder
is needed sooner or later is also affected by other beliefs: hot much energy
can be saved through conservation, how much energy can be supplied as a func-
tion of time from such so-~called soft techmologies as solar and wind, and
from exotic technology such as fusion, ﬂ

- In Europe, Japan, and other areas, the Analysis leads to very different
results, Most countries do not have the extent of uranium resource within
their own boundaries that is possessed by the United States, In most cases, -
it will be necessary to buy uranium from such.welluendowedksuppliers as
Australia and Canada. Foreign exchange considerations then become imporﬁant;
purchase of uranium td supply 40,000 MW(e) of water reactors would require
foreign exchange of a billion dollars a year at the present futures price of
uranium. These facts fqrm'the driving force for early development of the
LMFBR in many countries, Breeders require reprocessing, and in the face of
this need the concern about reprocessing as a force toward proliferation weak-
ens as an absolute. ' |

But perhaps reprocessing is not so important for the breeder after all,

" at least in the longer run. I would. like to give a short description of a
new concept we are working on in the United States, éalled the Fast Mixed
Spectrum Reactor, or sometimes the "once-through breeder". This is a fast
reactor which in the steady state would receive fresh fuel as natural or de-
pleted uranium with no adde&-plutonium, would generate plutonium in the fuel
through breeding, and burn the plutonium in-situ without .chemical reprocess-
ing. Metal fuel would ensure high breeding gain in a hard spectrum region at
the center of the reactor. A moderated (but actually highly undermoderated)
surrounding region would expose fuel to ﬁeutroné during éarly residence in the
reactor, generating the plutonium required for fuel when it is later moved
into the hard spectrum region. A

Residence time of fuel in the reactor would be very long ~ about 10 years
in the hard spectrum, and about 17 years altogether. Radiation damage would "

23 n/cmz, E > 0.1 -MeV), and burnup would

| be very high (fluence about 8 x 10
' approach 20% at the highest flux points in fuel. This would be severe treat-
ment of fuel, but there is c¢ptimism that the necessary performance can be

achieved.




Depending on the straﬁegy used, the FMSR would stretch the amount of

energy derivable from uranium by a factor from 3 to 20 before rebrocess;ng is

needed. The project is now being conducted cooperatively by Brookhaven, Argonne,

HEDL, General Atomics, Oak Ridge, and HIT, at a low but growing level, It ap-
pears that in the long run there may be some technical things that can be done

to affect the vulnerazbility of the nublaar fuel cycle, This may be one of

‘them.‘

Another technical option that has received much attention in.the United

States is the use of the thorium cycle. Of course, the thorium cycle by it-

self offers little or no advantage in non-proliferation, because the U~233 pro-

duced can be used to construct nuclear‘wéapons. Versions of the thorium cycle
based on denaturing have been pr0po§ed, according to which the U-233 would
occur only mixed in with U-238, This would avoid accessibility of fhe U-233
in a weapons-usable form, except by some isotope separatiom process, On the
other hand, separation of U-233 from the U-238 would be easier than isotopic
separation of U-235 from natural uranium., Furthermore, all schemes based;on
denatured fuel call for reprocessing the spent fuel, and the chemical streams
from feprocessing contain large amounts of plutonium. This must be burned
(hence plutonium recycle), or it must be put into the high level waste, causing
waste storage problems far exceeding those of conventional waste from repro-
cessing. . |

Concepts based on the thorium cycle are only possible over the long term,
because no thorium-based industry exists, and much of the technology is unde-
veloped. It is doubtful that this option will be adopted. ‘

I earlier promised a few remarks on the value of proliferation—resistance
of fuel cycles and processes, and the practicality of such measures when faced
with the need for nuclear-generated electricity. |

It is very doubtful in my mind whethér any technical measures would ever
be adopted on grounds that they enhance proliferation resistance, if they cost
a lot more. The impact of economics of power on financial Héaith of a country
will always be Eept in mind, and will dominate if a belief develops that this
health is being threatened.

I also believe that the mosﬁ important measures that can reduce the pos-
sibiiity of proliferation of nuclear weapons capability over the next few
years are institutional in character. These include such measures as strength—
ening safeguards administered by the ITAEA, the adoption of internaﬁional man-

agement in some cases, and multinational enterprises in others.
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"But I also believe that some benefit to the cause.of non-proliferation
- can be found in technical measures. These are most easily adopted at a time
when other methods less desirable from a proliferation standpoint have not

already been put widely into use,
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K.H. Beckurts and D.F. Leushacke

Kernforschungsanlage Jultich, Federal Republic of Germany

1. . Introduction

As is well-known, there are many ways for a nation to obtain nuclear wea-
pons—usab1e material if its government so decides. Only a few of them are di-
rectly connected with the nuclear fuel cycle and none of the present nuclear
weapon states has actually used this route. Limiting nuclear weapons pro-
liferation or even achieving nuclear disarmament is primarily a political
problem and implies removing the incentives for possession of nuclear

weapons. The assertion that the world-wide spread of nuclear power and its
fuel cycie must necessafi]y tead to weapons prcTiferation is not juétified.
Nevertheless, any responsible approach to nuclear ensrgy must ensure that

nuclear power programs, as they evolve, do not present a route that is.more
attractive than other routes to proliferation or make significant contri-
bution to the independent paths. '




This paper wilf deal with the very limited objective of assessing several
nuclear technologies as to their risk of proliferation. We shall disregard
guestions of brotecting fuel cycle facilities against abuse by subnational |
groups, and shall rather define proliferation to be the overt or covert diver-
sion. of weapons- usab1e mater1a] by a nat1ona1 ‘government w1th the obJect1ve '

‘of constructing crude nuclear weapons. Different technology vary in the degree

of a resistance to misuse, but there is none which is absolutely safe. To
minimize proliferation risks, a combination of institutional arrangements,
“technical fixesh and safeguarding schemes must be chosen. In this context,
the available technologies must be judged according to their safeguardibili-
ty, i.e. the ability to detect, through international safeguards, the inten-
tion for nonpeaceful utilization. Such detection must occur early enough to
initiate political counteraction ("timely warning") and with a probability
high encugh to deter a national government from such utilization. Ye thus
tacitely assume the existence of an internationally accepted system of full-
scope ‘safeguards. .

Proliferation can occur at various stages of the fuel cycle. We shall
dist{nguish,somewhat arbitrarily, the front end of the fuel cycle, inclu-
ding enrichment technology (chapter 2),and various options for the back- -
end, i.e. once-through cycle in a throw-away or stow-away mode (chapter 3),
the various reprocessing/recycle téchno1ogies in the uranium-plutonium fuel
cycle (chapter 4) and the thorium-uranium fuel cycle (chapter 5).

The proliferation resistance of a nuc1ear technology cannot be considered in an
isolated manner. It rather has to be seen in the context of existing or

slowly evolving realities. Other criteria which must be considered in
assessing nuclear technology are: - |

- Economics: How does the technology compete with others on the short and
on the Tong run, and how does it contribute to the effective utilization
of nuclear fuel recources?

- Enviromnmental effects: Is the technology connected with specific emis~
sions or with other risks inciuding dose committments, which are
significantly different from the alternatives?



- Commercialization Lead-Time: Is‘deveTopment of the techno1ogyr§dfff-
ciently advanced to justify early commercialization. If not, what is the
cost and time required for further development? '

Only those technologies which generally satisfy the above.criteria are
likely to come into wide use. We, therefore, will limit our consideration
to the most promising enrichment and reprocessing technologies and will
also restrict our consideration to the following reactor strategies:

- once through U/Pu- and Th/U-fuel cycle for thermal reactors
- closed U/Pu fuel cycle for thermal.and fast reactors
- closed Th/U fuel cycle for thermal reactors. '

2. Assessment and Comparison of Enrichment Technology

At the present time, enriched uranium fueled LWRs are the world's primary
sources of nuclear poweé. Most of the reactors under construction, and on
order, are LWRs. As a consequence, the assured supply of enrichment ser-
vices under equitable terms and conditions is an important and necessary
component of the supply of nuclear power. Only two technologies are current-
ly applied to the commercial production of Tow enriched uranjum. Others,
now under development may have potential for relatively increased_pro]i-
feration resistance or for extension of the uranium resource base via tails
stripping. The current status and distribution of enrichment technology may
‘be summarized as follows: '

- Commercially applied technologies

Gaseous Diffusion: The gaseous diffusion process which is based on pre-
ferential flow through micropores of the Tighter molecules contained in

an isotopic mixture is applied for the commercial supply of enrichment
services by the US-DOE, EURCCIF and the USSR. The enrichment factor is

rather low. Thus a plant for production of low enriched uranium (3 %

U-235) consists of one large cascade with some 1200 stages in series.

Due to the necessity to compress the process gas after each stage the

energy consumption of this prcdéss is relatively high. The energy costs .count



for 50 % in afcost break down of the specific separative work ;oéfs:'This-.
is one of the main reasons why the US-administration in 1977 has decided
to use for future plants the centrifuge technology.

Gas centrifuge: Centrifuge technology which is based on the_;eparat%on
effect in a mixture of {sotopes by a strong centrifugal field in a rota- '
ting cylinder is at present applied for the supply of commercial enrich-
ment services by the United KTngdom, the Netherlands and Germany within
the tripartite organisation Urenco. Development of this process is carried
out in several other countries. Besides the decision of the US to use this
process there are plans to build centrifuge enrichment plants in Japan.

~ The enrichment factor of a single separation element is high in compari-

son to the diffusion, nozzle and chemical process. In an enrichment plant
for low enriched uranium (3 % U-235) there are many parallel cascades of
which each consists of about 12 stages only. Thus the build up of capacity
can follow closely the demand. The specific energy consumption is about

6 % of that of the diffusion process.

v N

Technologies approaching industrial demonstration

Separation Nozzle: The separation nozzle is an aerodynamic process and
can be described as a gas jet deflection process. The process gas is a
mixture of HZ/UFB containing around 5 % UF6. The separation factor is

low. Thus it is necessary to have some 500 stages in series in order to

reach an enrichment of about 3 %. Up to now the energy consumption is
higher than for the diffusion process. The process has been developed at
the Karlsruhe Nuclear Research Center in Germany. Besides the construc-
tion of a demonstration plant in Brazil within the scope of the German-
Brazilian nuclear agreement no commercial plants are envisaged up to now.

Chemical Separation: The chemical enrichment process is based on ex-
change reactions occuring due to a phase equilibrium difference in ura-

nium 1sotopic composition in two different phases. One phase may be

stationary or the two phases may be moving in a countercurrent flow.
While the principles of this technoiogy have been investigated in several
countries the French CEA announced, in 1977 at the Sanburg IAEA confe-
rence, that France has developed this technology close to industrial de-



monstration. The main advantage claimed by CEA is that thié process;cnuld“ ,
be proliferation proof due to the long equilibrium time and criticality
limitations. However, for a further evaluation sufficient data have not been
published. | o

- Advanced technologies

Besides several other technologies which had been proposed and ihvestigated
to some extent there are two processes which are of major interest and which )
are presently in the research and development stage.

Laser: The technology is based aon the difference in the 1ight absorption
spectré of U-235 and U-238. There are two approaches, one using atomic
uranium vapor and the other using a molecular uranium compound e.g. UF6
The separat1on is reached by exc1t1ng selectively the desired uranium
isotope which is subsequently separated either by ionisation, dissocia-

tion or chemical reaction. The separation factor in theory is very large,
thus the laser proce§s may be a one step separation process. In practice,
however, the number of stages required for a given enrichment will depend
on the degree to which the separation factor will be reduced due to trans-
fer of excitation by molecular cd??ision between-the two isotopes. This
process, however, may allow for an economic tails stripping and thus\hé]p
to save uranium. The process is under investigation in several countries.
Commercial application however is not envisaged before 1990.

Plasma Enrichment: The plasma enrichment process which is under investi-
gation in the US is based upon the fact that in a uniform magnetic field

the ion cyclotron frequencies of U-238 and U-235 fons of a plasma differ

-by about 1 %. There are indicafiohs that this process also may be particularly
useful for tails stripping. Details have not been published. Commercial
app1icatidn if at all is not envisaged before 1990. '

Most Uranium enrichment facilities based on proven tachnologies, {i.e. diffu-
sion and gas centrifuge) and facilities under construction, based on techno-
logies which are not yet.in the stage of commercial application (e.g. nozzle,



chemical) are designed,and.constructed to produce low enriched uranium,
containing approximately 3 % U-235, which cannot be used for nuclear wea-
pons. From the point of proliferation risks, it is necessary to recognize
the potential for production and/or transfer of high enriched uranium (HEU)
in enrichment facilities. |

An important way to acquire weapons - grade material would therefore be to
use an enrichment facility, designed and operated for production of low
enriched uranium, to produce high enriched uranium by modifying the plant.

There are, however, the following barriers to proliferation:

-~ the application of internaﬁionél safeguards to materials and facilities

- institutional arrangements with supervision by governments involved in

- controlling plant, technology and nuclear material produced, '

- _Thherent technical features in enrichment technology making the construc-
tion, operation and concealment of undeclared facilities difficult.

The central safeguards approach to ensure that the facility is operated as
declared and no diversion of nuclear material will occur can be met by
applying the following basic safeguards procedures:

- Verification of design information
- Material accountancy

- Containment and surveillance.

In enrichment facilities highly accurate measuring techniques are-applied

- facilitating the application of material accountancy. Facility modifications

(such as rearrangement of cascades or utilization of batch recycle modes) to
required to produce HEU depend on the enrichment process used. However, by
application of the above safeguards procedures, these modifications would

be easily detected because such basic changes would require major manufac-
turing activities and/or significant changes of the operating data.

Institutional measures, like c]assification'and export controi of sensitive
equipment and enrichment know how as well as the establishment of facilities
under multinational auspicesmay also serve to reduce those risks




which would not.be covered by international safeguards.

A11 enrichment technologies are highly sophisticated and the techni;él dif-
ficulties in developing the specialized components and mastering their manu-
facturing problems can be seen as an additional barrier to proliferation.

An attempt to compare the proliferation aspects of various enrichment teCh-:
niques and to quahtify the proliferation potential in absolute terms is very
difficult. Making such a comparison would require careful selection |
of assessment criteria. Without showing such a comparison in this paper 1t
can be said that the difference in the proliferation potential between the
dffferent'enrichment technologies is not quite as significant as one may assume.
A closer analysis would show economic or technical differences which favor
one technique or the other at ahy one time.

3. Once-Through Fuel Cycles: (Throw-away/stow-awdy)

The once-through fueT scheme can be used in all thermal reactor systems.
Table 1 gives a strvey of resource requqrcments, econemy, a¢a1]ab1 ity,

“environmental compatibility and proliferation resistance of these reactors

when operated in a once-through mode})For the LWR and HWR systems, no tho-

rium bearing fuels are Tisted because they are less attractive than their
uranium fueled counterparts. Ohly the HTR with high fuel burnup (100 - 130
thousend Mid/t) would lend itself, also in a once-through mode, to Th~
bearing fuels. ) |

LWR and HWR areweugféht1y economically and technically feasib]e;wﬁhiié the
HTR still requires some development to bring it to commercial status. HWR

and HTR have lower natural U-requirements than the LWR and would, therefore,
extend available U-resources. The range of annual U-requirements of a 1 GWe-
station operating at 75 % load factor assuming a 0.2 % tails assay is shown
to be between 95 t Unat for the best HWR and HTR systems and about 160 t
Unat for present day LWRs. At best, each million tons of natural uranium
could supply 250 - 350 reactor stations of 1 GWe for a 30 year lifetime.
Once-through operation can thus only 'be considered as a near term solution

to perceived pro]iferation prob]ems

(1) P. Engelmann, G.W.Cunningham: A1ternat1ve Fuel CycTes -Technical
Possibilities and Limitations; ENC '79




" Another problem with once through schemes can be pinpointed by surveying the cumu-
Tative amount of spent fuel arising from thermal reactors during the next 50 years.
A forecast predicts about 55.000 tons .in storage by 1985, 120.000 tons by
1990 and 350.000 tons by the year 2000. The cumulative Pu content in the
spent fuel is about 300 tons, 600 tons and 1800 tons respectively for the
aforementioned years. Taking into consideration the long half-1life of Pu-239
and the relatively short haif-lifes of the fission products, it is obvious
fhat Pu will become increasingly available from spent fuel as time

passes. Thus the Pu content of spent fuel repositories could be an impor-
tant proliferation risk in the future, particulariy if such stores are
distributed widely. |

With respect to the économics of power generation, it remains an
open gquestion whether the once-through systems are superior or inferior to

the closed cycles at present uran1um ore prices. In addition to the ore
prices, other economic factors such as the costs for cond1t1on1ng and sto—

rage must be considered and these costs are presently known only with a
large degree of uncertainty. With regard to the envirormental compatibility
of once through schemes, it is l1ikely that the lack of effluents from repro-
cessing plants will be ]argdyrba1anced by the effects of larger mining ac-
tivities.

There appear to be_major problems with the safe final disposal of unrepro-
cessed spent fuel. Gas pressurization within the cladding of the fuel ele-
ments presents a potentia]lprob1em for long term fuel storage. As was dis-
cussed during the Windscale 1nquiry, due to the larger effective surface of
irradiated pellets the danger of Teaching may be higher for direct final
stofage of fuel elements than for storage of vitrified waste. Direct final
storage would require extensive operations for conditioning and packaging

of fuel elements to introduce a barrier against release of radiocactive mate-
rials. Even if satisfactory technical solutions can be found, the stored
spent fue] will contain much greater quantities of uranium, plutonium and
other actinides than are contained in the high level waste from reprocessing
and fuel recovery. Consequently, the long-term heat load and plutonium toxi-
city hazard from stored materiais will be much higher for the once-through
cycles.,




With respect to proliferation resistance the once -through fuel cycleqeffers
advantages for the near term. In the long term, however, once—through
schemes have no advantages. in comparison to a closed fuel cycle.

4. Closed U/Pu-Fuel Cycle

The-U/Pu-fue1 cycle is suitable for use in both thermal and fast breeder

reactor systems. Closure of the fuel cycie 1in either case requires'repro—_

cessing of spent fuel to recover usable uranium and plutonium. The repro-
cessed U and Pu are then fabr1cated into new fuel rods for recycle to the
appropriate reactor type. Both types of reactor systems can be operated
using mixed U/Pu oxide (MOX) fuels.

An optimistic estimate of the worlds future reprocessing capability, based
on the cumulative nominal capacities of current and pilanned plants,is about
20.000 t by 1990 and about 100 000 t by the year 2000 When compared ta the
figures for cumulative spent uue1 ment1oned in chapter 3, thxs shows that
only 20 % of the spent fuel produced by 1990 will have been reprocessed.
The unreprocessed fuel must remain in intermediate storage. Such storage
should present no new technical problems as facilities are already in
existence, and the technology ﬁé well demonstrated. In view of the somewhat
controversial,possjbi1ities of "Quick.and Dirty Reprocessing” storage of
large amounts of fuel does present some proliferation risk as the stokage
sites are likely to be widespread. Only an immediate and 1arge scale in-
vestment in new reprocessing capacity, beyond that currently planned, could
significantiy reduce the amount of spent fuel in storage before 2000.

At present reprocessing capability is known to be estab]zshed in the us,
Russia, U.K., Japan, France, India and Germany. There is a large measure of

agreement about the specifications for the plants in these countries. They all are
exclusively designed for the U/Pu-fuel cycle, and the basic chemical processing

flow-sheet follows the PUREX process.
The major proliferation concernsr associated with fuel reprocessing are:.

- A country with fuel reprocessing capability possesses the technology to
obtain plutonium from fuel cycle materials,
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- Fuel reprocessing produces plutonium-containing materials that are more
easi]y_conveﬁted for weapons use than either freéh or spent fuel materials.

- Widespread reprocessing will involve large scale storage and transport of
Pu-containjng materia!s,.thgs making effective safeqguarding and inter-
naticnal Pu-management more difficult.

- National reprocessing and storage of Pu-containing materials may signi-
ficantly reduce the "timely warning" necessary for discouraging national

.+ proliferation by means of political actions. '

These concerns are best addressed through political actions such as esta-
blishing treaties and agreements for minimizing access to Pu, estabiishing
effective institutions for safeguarding and monitoring of reprocessing
plants, and perhaps even establishing an international organization for Pu-
management.

In addition, several different technical schemes have been suggested recent-
ly to alleviate these problems. They include:

- 'Cé—&ocatfon L
- Co-conversion

- Co-processing

- Partial processing

- Spiking.

Co-location involves placing as many fuel cycle steps as possible within a
single control area. This reduces the diversion risks associated with pluto-
nium transportation. Co-locaticn is primarily a means of deterring diversion
of Pu by sub-national groups, however 1t has a technological impact on
national abuse of the fuel cycle, since it makes it simpler and more
convenient, for the safeguarding authority to maintain accountability and
containment surveillance.

Co-conversion requires b]ending'of the U and Pu nitrate streams prior to
conversion to the oxide form. This scheme eliminates the production and sto-
rage .of pure plutonium oxice and thus 1increases the difficulty of possible
diversion by sub-national groups. Since a national government would have

to modify such a plant or perform additional chemical processing to obtain-
pure plutonium oxide, this scheme also aids in providing "timely warning®

of fuel cycle abuse.
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Co-processing requires that the solvent extraction system be designed to
produce only mixed plutonium/uranium nitrate so that there is never a repro-
cessing stream containing pure Pu. The extent to which this option increases
proliferation resistance depends primarily upon the ease with which it would
be possible to modify the plant to produce a pure plutonium stream. As with
co-conversion, this scheme also would increase the margin of “timeTy warning",

Partial processing consists of designing the reprocessing plant in such a
way that a portion of the fission products always remains associated with
the Pu stream.

The concepts of co-processing and partial processing have been combined in
a proposed “civilian fuel reprocessing” scheme which has been named "“Civex™.
In the Civex process, the uranium and plutonium are never separated from
one another, or completely decontaminated of fission products. Since the
recycle plutonium is always mixed with uranium and radioactive fission pro-
ducts it is very saféiagainst theft or diveré%oh"EJ—EGE:;HtionaT groups. In

addftign,_sinde further remote purification steps are always required before
pure plutonium can be obtained, the Civex system also aids in providing
"timely warning" of national abuse of the fuel cyctle.

The Civex scheme has certain drawbacks however. Among them:.

- A1l fuel refabrication operations must be carried out remotely. This
greatly increases the difficulty and expense of fuel analysis, quality
control, machine maintenance, fuel handTing, inspection, etc.

- Civex processing imposes econcmic and bperational penatties when used
with LWR's. The fission products in refabricated Civex fuel impair fuel-
efficiency in the thermal spectrum of LWR's. .

- The remote,precis{on fabrication technoloay required by Civex might be
applicable to weapons production.

Spiking involves incorporating some highly radicactive material into fresh
MOX fuel. The spikant may be added at any desired point in the reprocessing,
conversion or fabrication processes. Pre-irradiation of refabricated fuel
may also be used to introduce a radiation hazard. Both spiking and pre-irra-
diation are primarily of use for deterring terrorists or sub-national groups

from diverting fuel in transit. These methods can only be considered effec-
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tive as a means of reducing proTiferation risk, as opposed to risk of theft,
under circumstances where the realization of the fuel cycle in the country
concerned does not include the reprocessing plant.

With the exception of co-location, the aforementioned schemes do only gradu-
atly enhance the ability of an internaticnal safeguarding authority to de-
tect national proliferation abuse of the fuel cyclie. National abuse

will be deterred only if there is a high probability that it will be
promptly detected in time for appropriate poliitical sanctions to be‘app1ied.
Therefore there can be no puréiy technological “"fixes" to avoid prolifera-
tion abuse of the fuel cvcle by a national government. Instead, technologi-
cal development should concentrzte on providing plant designs and equipment
which will enhance the effectiveness of the safeguarding authority in pro-
viding adequate material accountancy and containment surveillance. This

philosophy has been incorporated into the so called "PIPEX™  concept which
would Be designed according to the fellowing general principles, as presen=
ted by the German delegatfon to INFCE Working Group 4:

- In present reprocess%ng plants, the fissile material is contained inside
a primary barrier provided by the equipment all along the plant: e.qg.
pipes and tanks at the first steps, apparatus in glove boxes at the end

~of the process. A secondary barrier exists also at the first steps of the
process, essentially made of heavy concrete, where the gamma activity of
the materials is strong. At the moment, there is no such barrier at the
tail end,

In the PIPEX concept, the biological shielding is completed and extended

to the whole process in order to ensure the continuity of the secondary
Vparrier protecting the fissile material throughout the plant. It goes

without saying that this barrier must be adapted to each step of the pro-

cess, the heavy concrete being replaced for exampie by ordinary concrete
. when gamma shielding is not necessary.

- The continuity and the tightness of the external containment (secondary
barrier) must be controlled at any time by the inspectors in chargé of
~the surveillance of the plant.




13

- Thé.containﬁent is provided with an inlet for irradiated fuel and an
outlet for plutonium. At these pcints a quantitative control is exer-
cised enabling the total balance of the plant to be drawn up. In addition,
the containment is provided with other inlets and 6ut1ets the number of
which is minimized. At ﬁhesé points, qualitative controls are exercised
by the inspectors, if necessary, by automatic continuous measuring de-
vices in order to ensure that no fissile material is crossing the con-

. tainment. |

- In anlfdea} plant using the PIPEX concept, it is thus possifile for the
inspectoré to verify at'any moment that the plutonium which has Been
.brought inside in the form of irradiated fuel elements remains effective-
Ty inside and 1eaves the containment only through a controiled outlet.
Of course, this concept is an ideal one which must be followed as closely
as possible in industrial realizations. In order to be successful such
realizations should be made by steps, starting from existing plants to
achieve complete containment through sucessive improvements.

In this manner the PIPEX concept makes diversion more difficult and safe-
guards easier to apply. The PIPEX concepts of containment and surveillance
are especiaily appropriate for reprocessing and fuel fabrication because
they fit in naturally with the necessity to provide a shield between radio-
active materials and the human operaters 1in these plants.

It s our general view then, that steady evolution of present day technolo-
gy for reprocessing and fuel fabrication is the most promiéing route for the -
future. Such evolution should be directed toward co-location of facilities

having reprocessing plants that are designed, according to PIPEX principles,

to include e.g. co-conversion within the containment. The technological changes

required by partial process%ng or spiking do not appear to be the most pro-
mising cost effective methods for the future because they involve considerable
additional expense and may lead to additional technical problems. They are
crimarily oriented towards the prevention of theft by terrorist or sub-
national groups rather than at national proliferation.




5. Closed Th/U-ruel Cycle

The principal difference of the thorium cycle is that it produces U-233

rather than plutonium. Since the h-value of U-233 in typical thermal reactor '
spectra is considerably greater than that cof the oihnr fissile isotopes U-235,
Pu-239 and Pu-241, the superior nuclear propertwes in thermal reactor spectra
can result in higher conversion ratics and, consequently, smaller fissile
makeup requirements. The high thermal absorption in Th-23Z and the accompa-
nying high fissile inventory reaquired for criticality tends to discourage
consideration of once-~through fuelling, unless very high burnup values can

be reached. Since natural thorium contains no fissile component comparable -

to U-235 Tn natural uranium, the use of the thorium fuel cycle does not preclude
a need for uranfum. Uranium-235 or piutonfum from uranium-fueied- reactors

is required to start and to renlace the fissile material consumed. The choice
of the enriched material is also influenced by econcmics.

The thorium cycles can be utilized in all present reactor types, although
these reactors, with the exception of the HTR have been developed for opera-

' t1ng W1tn the UY/Pu-fuel cycle. The utilization of thorium has drawn increasing

attention within the INFCE~gct1v1ties. Here the main objectives were the re-
duction o% the uranium ore consumption in a closed fuel cycle of thermal
reactors and tentative increase in the proliferation resistance, particularly
when utilizing medium enriched uranium (MEU) with enrichment of about 20 %
U-235 or 12 % U-233 instead of nighly enriched uranium (HEU).

The natural uranium savings established for the closed HEU/thorium cycle in
various reactor types when compared to the closed U/Pu-cycle amount in typical
cases to

- approximataly 20 % for PWR

- approximately 35 % for HWR

~ between 50 % and 70 % for HIR.

ATT these systems possessa potential for achieving self-sustaining or even
breeding fuel cycles when operated with the Th/U-fuel cycle, which would lead
to even greater uranium savings than mentioned above. '
¥ith respect to their proliferation resistance, the thorium/HEY and the

U/Pu cycles are, in principle, comparable. In the Th-HEU-cycle the weapons
usable fissile material (U-235, 9—233) is present in the fresh fuel. The-
problems, therefore, are similar to those of fresh Pu-containing fuel.
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In the spent tﬁorium fuel, the U-232 content makes misuse more difficult.

In the case of the HTR, the U-232 content amounts up to 300 ppm of bulk
uranium. Due to the decay of U-232 and its daugther products with y-energies
up to 2,6 MeV the reprocessed uranium exhibits y -activity of about 50 mCi
per kg uUranium after 20 days and increases further with the time. This ra-

diation makes it necessary to develop remotely operated refabrication faci-

iities, It does not disable states or sub-naticnal groups from misuse of
weapon usable maberwal but 1t makes access to it more difficult. More-

over, the hard g—fadlat1on improyes the detecLéBii1ty of dwverted material.

The concept of the denatured MEU/thorium fuel cycle requires uranium enrich-
ment of less than 20 % for U-235, 12 % for U-233 or to a linear combination

" of these values when both of these isotopes are present. This means, that

the weapons usable material can be eliminated from the front end of the fuel
cycle. In the spent fuel the uranium enrichment is below 10 %. The amounts

of fissile plutonium present are smaller by a factor of 10 to 20 compared

to fhe'U/Pu-cycie, When recyciing the uranium, either highly enriched ma-
terial must be added or some enrichment must be performed in order to achieve
the %nitfa? enrichment. The relatively high activity caused by tha U-232

and its daugther products makes the latter route very improbable, as todays
requirements of enrichment facilities for the maximum acceptable U-232 con-
tent are below 0.5 pbm.

If the enrichment of the added material is restricted to 20 %, the closing

of the fuel cycle would be more difficﬁlt because of increasing U-238 con-
tent. Introduction of a feed/breed fuel concept would allow removal of U-238
and perhaps simplify closing of the MEU/Th-cycle. The reasons are first

in the possibility of denaturing the fertile material by such an amount of
U—238‘that at discharge its U-233 enrichment just approaches the proliferation
safe 12 % 1imit. The spent fissile material can be disposed of after the
feed/breed separation. And second, the reprocessing can be performed

by the "conventional" means of THOREX and PUREX-technologies. In this manner .
it is pdssib]e to avoid development of reprocessing technelogy in which four
main'components would have to be separated and which would require probably
extensive efforts.

The technology for the thorium fuel cycle for LWRs and HWRs is principaily
available, but not yet estabiished on industrial scale. At the end of the six-

ties, R&D-was performed for fabrication of thorium fuelled HUR rods in Germany.
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The feasibi!i%y was proven and the processes tested are ready for use. For
MTR there exists an established technology for production of thorium con-
taining fuels of which more than 13 tons have been produced in Germany: to
date. The production of LWR/HWR fuels can be done partly on the basis of
this techno1ogy. These procesées which are suitable for continuous and _
remote operation are frequently mentioned when discussing advanced repro-
cessing schemes. They are nearly fully develcped for the HTR. For the LUWR
and HWR requirements they must stil1rbé‘dﬂéfifted,'5U£ hdnﬁF%nctpal pro=-
Blems are to Be expected,

£

the

The technology for the clesing of the thorjum fuel cycle by reprocessing and

refabricatfon'fs at present not yet commerically available. Some 870‘tons
of thorium fuel mostly on ihe thorium oxide basis have hesn reprocessed
since 1952 in the US. In Germany, the R&D efforts began in 1965 and have
continued to where currently a pilot scale 9lant for highly burned up fuel.

is under construction. Based on these facts, it is possible to consider the

technology for the thorium cycle as being feasible.

The]éioséd Th/U-fuel cycle may be considered as z medium term alternative
to the U/Pu-cycle. The use of denatured uranium/thorium fuel yields the
potential of increased proliferation resistance both at the front end and
at the back end of the fuel cycle. On the other hand it is inferior to
highly enriched uranium/thorium cycles, which offer the potential of near-
breeding or even-breeding in thermal reactor systems. In the long term the
interaction between both of the fuel cycles under discussion, with corres-
ponding utilization of specific propérties of various reactor types. seen
to present a very attractive alternative for the futuré}
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6. Concluding Remarks

The past few years have shown a drastic reduction of the speed of develop-
ment in nuclear power programs and correspondingly, of the introducticn of
fuel cycle technology. One might arque that this slow-down has given us a lot
of time to develecp hew technology. However this is not probable since due to
the general reduction in growth potential, the willingness and capabiiity of
nuclear industry for introducing new technology is decreasing. Also, the same
reasons which have Ted to the large delays in nuclear power programs based

on present technology have led to.a great increase in the lead and devepr-
ment times. of prototypes for new technology.

We must therefore expect that the rate of technology changes will be slow.

For the time being and for quite a long time to come, the once-through-fue?
cycle, mainly Qith the Light-Water-Reactor, will be the main option of nuclear
power. Even if reprocessing starts soon in some countries, only a small frac-
tion of the total fuel will be reprocessed well into the next century, which
means‘qur‘main'energy source will -in practise remain the once-through-cycle.
This Ehows that methods o improve its fuel utilization will be véry important!
As far as proliferation resistance is concerned, the cycle is re]atfvely safe
and easily safeguardable. However in view of the increasing amount of fuel in
store, the question of Plutonium accessibility becomes more serious as time
proceeds. Reliable methods to safeguard spent fuel must be employed. Direct
final storage of spent fuel creates a long term safeguarding problem which

s & waste of resources and should not be encouraged, ‘

The other proliferation risk of the once-through cycle occurs at the front
end; that is in the enrichment plant. As we have discussed in chapter 2, the
various enrichmend technologies may differ in their proliferation resistance
but a1l can be safeguarded effectively. The spread of further enrichment
plants throughout the world will probably be slow.

In the medium and long term, reprocessing of spent fuel from reactors in
the uranium/plutenium cyclelis an absolute need mainiy for économica1 reasons.
It is unlikely that a process completely different from the PUREX process
will be used in view of long standing experience with this process. Basically
different alternatives are barely visible and would take too much time to
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develop. From the point of view of safequarding, modifications of the original
process along the Tine.of the PIPEX concept, involving some modifications
Tike co-conversion are promissing and lead to nigh detection probability and
sufficient warning time. Additional medifications 1like CIVEX, spiking or

use of pre-irradiated fresh fuel will increase resistance against subnational
abuse but do not significantiy contribute to the proliferation resistance,
They may introduce, on the other hand, other problems, especially in the
finépection and handling of fresh fuel. Recycie of plutonium from reproces-
sing plants may either be in thermal or, preferably, in fast reactors. There
are, however, considerabie incentives for thermal recycling. Reprocessing
plant development and introduction on a large commercia1 scale will take a
Tong lead-time. This and the request for economy-of-scale will limit the

number of reprocessing plants in the world.

The therium-cycle adds a very interesting alternative solution to the fuel
cycle problems. Basically the prolifération problems of a closed tnorium/
uranium-fuel cycie are similar to those of the Uranium/plutonium-cycle. _
However- the thorium-cycle may offer scme advantages due to the better detecta-
bility of U-233 and due to the pessibility of using denatured fuel. The real
advantage of the thorium-cycle compared to the uranium-cycle is the fact

that it is more efficient in thermal reactor systems and that it extends

the raw material basis for nuclear power. Its main disadvantage is the

fact that the technology is less developed. In the long run, it is guite
Tikely that both fuel cycles, U/Pu and Th/U, may co-exist, each one having
_particular advaﬁtages. It the concept of "safe fuel cycle centers” is
accepted, we might even have "hybrid" systems, with plutonium burning breeder
reactors, generating cdenatured uranium to be used in an outside, less safe-
guarded world. But this is a very long term option.

In any case technical fixes are only of iimited value. They must be part

of a non-proliferation strateqy which comprisas institutional and safe-

. guarding measures carrespondingly, and which can only be established if there
is a widely accepted non-proliferation regime in the world.
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to LR and HWR after de-~ spent fuel storage
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lable 1990/2000 good; 20 % less waste-
— than LWR, high degree .
HTR, den U/Th 115 like HTR, LEU of inherentsafety; Tike HTR, LEU Tess Pu in
‘ probiems of spent fuel spent fuel but enrichment
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THE: MULTINATIONALIZATION OF REPROCESSING AND ENRICHMENT:
: HOW AND WHERE’

Horst Mendershausen

l
TWO MOTIVATIONS .~ . ‘_ i
Nat1ons may comb1ne for two reasoni in manag1ng uranium enrichment
“and spent-fuel reprocess;ng: (1) in order to supply these nuclear fuel
' éervicesrand thus assist electric powér‘generation from nuclear fission; ;
and (?) 1n order to prevent a diversionéof nuc]ean fne1s to weapons

production. Both of these functions tan of course also be fulfilled

by purely natienal enternrises and natidnalrgovernmental measures. In
lfact mu1t1nat10na1 enterpr1se and arrangements are only likely to come
about and to live, if they surpass and:reenforce nat1ona1 arrangements

in the joint performance of supplying” and safeguarding the fuel services,
If participants and cost bearers are no£ confident that th1s is the case,
the unavo1dab]e comp11cat1ons that mu]t#nat1ona11zat10n adds to enterprise
management and decision making are 11ke]y to abort it. '

So multinational fueI service arrangements must help supply and help
safeguard They may well offer d1fferent mi xes of the two kinds of
performance; one combination being more;supp1y oriented, another one
being more safeguard oriented. But if orientatfon toward supply is
accompanied by blindness toward safeguarding, or by paralyzing disagreeé
‘ nents'about how to safeguard, mu]tinaiidnalization will perish by its
political unacceptability. And if zealnus saféguarding'stifies production

‘and availability of the fuel services,'nu]tinationalization will founder -

on economic unacceptability. 'These extLemeé are not viable. To be viable,




‘muttinational arrangements must offer something on both Scores, and-inr
_ cbmparison:with unf—natfoha] ventures they must not take away too much
on one score while adding something onrthe other, |
Let me stress in passing fha% economies of_sca]e do not give a '
prima faéie advantage to ventufes under mu]t{natioha1 auspices. Mu]ti-
national plants are not nécessari]y (and have not a]ways been) larger
than national plants. National plants can be (and have'beén)lscaled to
a mu]tinationél market. dne must ﬁot forget_the internéfiona] trade in
enrichment and fuel reprocessing services and the possibilities of
ngtional-goverhmenta1 safegﬁards éttached to such trade. The advantages
of hu]tfna;ionajism must be proven ahd cannot be taken for granted.
‘These thera] 1déa$ will serve as é guide through;-ahd I think they
will also be cdhfirmed by, the brief review in this‘paper bf multinational
enrichmenf and reprocessing arrangements, existing‘ahd propqsed. The
que$t1bn of "mulfinationa]ization; how and where" does not oﬁly await‘_'
anranswer‘for proposed new ventures.l It hgs éTready found some practical
answers, and it would be foolish to disregard the adswers proyideﬁ by
the experiences of Urenco and Euradif; tufochemic and United Reprocessors.
In a nutshell, the answer tb the‘jzig“ quéstiaﬁ, proﬁided by these experi-
énces, has been: "Compﬁﬁition, missidn, and organization df the'mu1ti~.
—_— 3 o .
‘national venture depend on the specific project, the specific partngrs,
and other circumstances, 1ntTud1ng the state df'internationa] confidence.
The supply function is primary." _Projects, paftners,:and circumstances
'are,nof interchéngeab]e ad libitum. - And their answer to the;"wheref
~question has.been: “In Europe." This is nbt because i happened to'pick

————————

European examples. There are as of now no multinational enrichment and



reprocessing enterprises elsewhere, amd those few non-Luropean cotntries

~ that are at Teasf marginally involved in muitinational activities of

this kind at:all, are so by way of bilateral links to the European .
group enterprises, or to individual Edropean partneré, e.g., Japan with
France,ABrazi1 wfth Germany and Urenco. '
whether exam1nat1on of proposed Aew ventures will lead to very
different answers, part1cu1ar]y on. the geograph1c po1nt remains to'be
seen, -It also remains to be‘seen whe%her the existing ventures will

- remain viable 1n'changing circumstances.

EXPERIENCE WITH MULTINATIONAL FUEL bERVICE VENTURES

The idea of mu1t1nat1onal enr1chment and reprocess1ng ventures
orig1nated in the United States, where the practical ut111zataon of
_ nuclear fissionAaiso_originated, firsF for weapons produetionlanethen
.fOr‘e1ectric pewer generation. From‘%he start, American proposals for
. mu]tinatione}'arrangements were predo%ihantly safequard orﬁented. Supply
requfrements for American needs were'ae11 enough,satisfied'by'national

' huc]ear fuel enterprises. But American concerns with the spi]]oVer of

nuclear fuel industry abroad into wéapons manufacture by other states

- a]ways made Amer1can po11cy makers look for ways of barr1ng, or at least

impeding, -the exercise of controt over the weapons-prone phases of the
nuclear fue1 industry. by national poﬁ1t1ca1'author1ty—-at least in states
that had not yet beenEaccepted_as po%sessors of'nuc1ear weapons.

THe pfincipa1 weys-by which thi% cou]d be accomp]ished were-(l)'re]iable

fuel -supply from the United States, wh1ch m1ght obviate the need - for fuel

serv1ce.1ndustr]es elsewhere, (2) mu1t1nat1ona11zat1on or denat1ona112at1on

of developing fuel service industries elsewhere and 3) broad internat1ona1

|

- '
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agfeements to forego tertain fue! operations altodethér; ﬁﬁch as uraniuﬁ

enfichmeﬁf by centfifUQation and the reprocessing of spent féactor}fuéi

*fhat yie]dé p]utohium. lDurihg the_Atoms-fof—Peage-period post-1954,-

the'emphésis was on fhe first way, ample American fuel supply. The

third wa}, in the form of U.S. efforts to bfing about abstention, was

'alﬁays in the~picfure;f‘but'thesé efforts became prominent, even dominant, .

only undér the Carter Administrétion, pqrficu]arlypwith'regard to reproces-

sing and ré11ance on reprocessed fuel. 'Thé seéond way, multinationalization,

was always contemplated as an alternative and, in the course of time,

was proposed with variable dégrges of'enthu;iasm ahd critical doubt.

Except for thelAcﬁeson—Li1ienthaT and Kissihger ;ﬁisodes of 1946 and

1975, respectively, however, it never became a prominent line of American -

policy, at 1ea$t not for enrichﬁent and keprbcessing.; (This papef does_

not deal with multinational fuel banks ahd storage arrangements for

spent reactor Fuel,'and reéent American endéavors to bring them about.)
Ironical?y, the recurrent séfeguard-mﬁtivated Americén suygestions

~of enrichment and rebfocessing ventures under multinational auspices_weré

" taken up %n Europe without-Americén partiﬁipatioﬁ,'and for the purpose

of fuel production and supply, not brimari]y for the purpose of éafé-

guarding. The multinational enrichment projeéts 6f:Urénco and'Eurodifb

and the reproéessiﬁg.arrangements of Eurochemic and Unirep came into

being Térge1y in the pursUit of'four'considerationsz

"See Lawrence Scheinman on U.S. efforts to prevent construction of
enrichment plants and developments of related technology. "Security and
a Transnational System: The Case of Nuclear Energy," in Transnafional
Relations and World Politics, R. 0. Keohane and J. 5. Nye, eds., Harvard
University, 1971, pp. 290ff. ' '




(1) Technelogical and commercial opﬁortuhi;x, In these regards,
Europeans sought to profit from American ]eads aﬁd theif oﬁn research
efforts, to establish enterprises capable of competing with the Ameri-
cans, and to a;hieve throﬁgh'these capabilities general gains in
eccnomic and political positions ranging from reliable fuel services for
European power reactors to the sales of chh services and df equipment

elsewhere in the world, %

(2) Re?iabiiity (indépendence) of ch]ear fuel supply. In this
regard, Europeans sought to protect themséives against the economic and
political risks of dependence on importedienergy materia]s in genera]a
which had become so hfgn during the great conversion to o0il; and against
the vrisks of dependence on Americanrnucieér fuel services in particular,

which, as experience came to show, were subject to variable constraints,

changas in terms, and threats of interruption, and therefore not reliable.

(3) Rescurce pooling and risk shar{gg. This consideration militated
strongly in favor of giving nucTear-indu§triaT enterprise, whose develop-
menﬁ was seen everywhere as primarily a ﬁationa1 task, a multinational
turn, . Nuclear fuel enterprises and related technological development
required amounts of capital and human reéources, and carried economié
risks, that tended to exceéd the capabii?ties cf 1ndiv1&ua1 nations.

This invited combination with other nationa1 efforts in enrichment
and reprobessing whi]g nuc]ear'equipmentgindustries and marketing, as -
well as reactor operations, remained 1ar§e1y national.

(4) Internationaﬁ grganization intérests. The organizational

interests of QECD and the Common Market favored joint enterprises ameng
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their'réspective members; but these interests did not prove to be very'
effective in generating multinational fuel enterprises jn these frame-
works. With the exception of CECD's Eurochemic, whose reprocessing _
venture did not Tive very Tong, Furopear fuel enterprises Qefé organized
by ad hoc groupings of countries that cut across, or were narrow selec-
tions from, the membership rolls of the broad-purpose international
organizations; The European Community, so far at least, has‘failed in B
its efforts to develop a framework for such enterprises. _ ' |
Different mixtures of these four considerations weie rasponsible
for several Luropean countries, ‘in groups of three, five, or thirteen,

cembining in the 1960s and early 1970s in order to supply:

(1) Eurochemic's fuel reprocessing services from a jointly owned
plant at Moi, Belgiun:

{z) Urenco's enrichment services by centrituge from its members"
plants at Almeie, Holland; Capenhursf, Britain; an%ﬂin the future
also Gronau, West Germany;

{3} Eurodif's enrichment services by gasecus diffusion from its
piant at Tricastin, France; and
. {4} ggjreg'é marketing, and to a degree technological, cooperation
ameng the national fuel reprocessing enterprises of France {Cdgema);

Britain (BNFL) and Germany (DWK). o |

The ways in which the four aforementioned considerations have con-.
tributed to each of these four ventures makes an interesting story that

cannot be tolid here. Nor can I analyze here in detail the very different

g T et b g £ S O S I T S ———————




* .
organizational structures of the four ventures. Suffice it to say that
Eurcchemic's single enterprise was governed by a committee of its
thirteen participants with equal rights; that the several enterprises in

the Urenco-Cehtec "troika" form a complexlof national, bilateral, and

‘trilateral undertakings of the three membeérs with much technology

exchange and joint marketing; and that thé (for the time being) single
center of activity of Eurodif is under thé p01itjca1, managerial, and
technological control of a principal part%er, France, while four minor--
or should we say, Timited--partners (Itaiy, Spain, Belgium, and--so far
at Teast--Iran) participate only as capifé] contribufors, committed
customers, and‘participants in genefa] poiicy decisions. The cartel-like
organizafion of Unirep finally provides p51icy coordination, and some
other cooperation, for three distinctly nétionai entercrises, two fuT?y
active or almost so, and one largely incibient gach capitalized, managed,
and contracting on its own. Parenthetica%Ty, the two presently producing
national partners, Cogema and BNFL, have‘created subsidiary'and limited
multinational arrangements of their own Hy letting foreign customers for
their services, e.qg., Japanese and Germaﬁ electric utilities, participaté
in the capitalization of the new Cap La Hague and Windscale oxiée fuel
reprocessing plants. |

We can see here four different formé of multinaticnality in effect;

gach responding to a particular set of partners and their. special conditions,

% R : } . .
See my International Cooperation in Nuclear Fuel Services, European
and American Approaches, The Rand Corporation, P-6308, December 1578.
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and none of them necessarily a better model than the next for fufure
ventures that may come along. |

Supply of enrichment and reprocessing services is the princfpa}
purpose of these mu1tinationa1 ventures, supply to partners and also
to nonpartners, in Eurcpe or elsewhere. Before I ask now: What about
safeguarding? let me say that supply or production having been the 'dominant
purpose has not meant in practice that all of the partners have been
satisfied, all of the time, that those ventures served that purpose
well enough. There have heen frictions in all of them, particu]ar}y:of
late, but three of the four organizations have survived to this day.
The one césua]ty was Eurochemic. This early European—-and incideﬁta11y
U.S.-fa;ored-—mu1tinationaT fuel reprocessing venture came to an epd
vihen--and I simplify a Teng story-~some members felt that they had learned
enough to go into the business on their own. Then the Mol p?anf was turned
over to Belgium and -appears to be now on its;way'éo becoming‘q national
Belgian tuel reprocessor. The 1esson?. Fuel service produétion may not |
only be mu]tinétiona]izéd;,it may also be renationalized.

What about safeguarding? The prevention of weapons spillover has been

an objective, albeit a secondary aone, in the formation and operation of the

four mg1tinationa1 ventures. In the formation Qf both Eurochemic and Eurodif,

the idea that sharing in a multinational production operation might obviate

the need for participating nonnuclear weapon states to set up enrichment

and reprocessing plants of their own was a contributing factor.. But in

neither case, nor in the other two ventures discussed, were participating

countries asked to commit themselves not to build plants under national




Jurisdiction. The European ventures thusfshunﬂed the idea of exclusive,
or obligatory, multinaticnality which camé to the fore in American dis-
-cussions of muitinational nuclear fuel en%erprisg in the mid-1970s.
{ Urenco provides an exception; its mémbers;are treaty bound to éommercialize
enrichment by‘gas centrifuge only within'fhe tripartite framework.

With regard to the communication of iechnology to participants and
nonparticipants, Eurochemic had no restrictions-~the technology of
reprocessing, at Teast in small plants, a%d of lightly irradiated natural
yranium, -has -been in -the public domain si%ce the Tate 1950s--but in
Eurodif it was othefwise. While France ubder nresidents De Gaulle and
Pompidou was hardly a preacher o% the nonLro]iferation gospel, the French,
who have control of Eurodif, have pointedEwith satisfacfion to the relative
unsuitability of the gaseou3‘diffuéion en}ichment process to easy duplication,

" and they have kept techno}ogicai details bf the process under wraps anyway.
The low-enriched uranium which Eurodif is?to supply to customers is not
exp1osivé material. ! | -

Urenco and Unirep have paid much atﬁention to technology safeguarding
by makfng relevant technology transfers &y one of their members to nonmembers
subject to approval by all of their memb%rs {e.g., in Art. II, sec. 5 of the

- Treaty of Almele). "Relevant technologyﬁ means in Urenco everything
related to the gas centrifuge process. The Treaty of Almelo does not
keep member countries from exporting other enrichment technologies uni-
fatera11y; Germany's exportation of jet nozzle enrichment tecﬁnoiogy
to Brazil did not fa11 under Urenco rules. In Unirep, “ralevant technology”
is said to signify information on feprocéssing in Targer than 1abdratory'
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size (10 te/year thrqughpuf) piants. In both arganizations, these
restrictions on technology transfers undoubtedly bespeak the desire to
prevent weapons spillover from the covered processes, and the Treaty of
Almelo at least presents this desire as a formal commitment of the partners
(Art..VI). It is fairly evident that these restrictions have been
also, and even primari1y, motivated by a desire to prevent the rise'of
commercial competftors of the group or grouped enterprises, but the
commeréia] motive, restraint of competition, does not contradict the
antiproliferation motive here; 1t rather reinforces it. Both Urénco and |
the national reprocessors combined in Unirep have much more to Qain finan-
cially f%om the exportation of their services than from the eprrtation
~of their technology. ‘ |

Neverthe]eés, the provisions against weaponslspil1over built inte
these multinational ventures are no more than patchwork when one looks
at them from a comprehensive safeguarding point of view. To some extent,
they are inherept1g'incomp1ete. These ventures cover only épecific
sectors of the enrichment and reprocessing industries of the member
nations. Their anti-spillover provisions do not affect other than the
. covered sectors, such as enrichment by jet nozzle or laser processes,

or small-scale reprocessing plants. To some extent, the provisions are.

also what one might call functionally weak. They do not bar weapons
spillovers which customers--member or nonmember countries--might undertake
with materials furnished to them by the mu1t1ﬁationa15, Urenco may some

- day deliver highly enriched uranium for the purpose of feéding somebody's

research reactor, and Unirep partners will deliver reprocessed plutonium
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in cne form or another for tha purpose of?faeding.sohebody's bower reactor.
But if the customer's real purpose turned{out to be, or shifted along the
way to, weapons manufacture he would have;been supplied, 1n'effeét, with
nuclear exp]osi?es, because the two materﬁa}s in question are fuels as

“well as explosives. To be sure, not an éntirely unifamiliar situatibn if
one thinks of various chemical substanceé—-including the household article,
gasoline,-whibh can serve in Molotov coc&tai]s—-but on a very different

7 ﬁo]iticaT scale, of course. One functiopa1 weakness of these supply-
oriented muitinational ventures, from thé-pofnt of view of weapons spillover
prevention, is that they furnish in the Eourse of their normal business
more or less weapons-suitable products, Gust aé purely national ventures
do or wou}d.* Another, rather minor we%kness may be noted in passing.
Proprietory.interests, which as I have éoted mi11£ate against technology
transfers, also militate against the inépection'of internal processes by
outsiders, e.q., against the admission éf IAEA jnspectors to -Urenco p]ants.

Thus, in the existing mu1t1nationaﬁ ventures of repropessing and

enﬁichment, safeguarding definite?y-tak?g second place to supply. It has
been a subsidiary motive in their furmétion, and their capabilities to .
perform it with their own means are'inéomplete and weak. But the built-in

means are not the only means.

t

* . . .

Tarl Waiske makes interesting observat1ows on the weapons suitability
of materials in "Nuclear Electric Power and the Proliferation of Nuclear
Weapons States," International Security, Winter 1977, pp. 98ff.
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BUILDUP AND EROSIGN OF CONFIDENCE

This weakness of the fuel service ventures could be compensated
by broad confidence creating measures, and up to a pqint has been so
compensated.‘ The most important confidence crzating measure was the
NPT, which went into effect in 1968. Next in importance were the verifi-
cation and inspection systems by officials from outside the_host country-
undef the gegis of IAEA and Euratom. These systems evolved gradually in
the 1960s and early 1970s, and as they evolvéd, they began to cerr the |
ope”at1ons of the multinational ventures as well as national activities.
~ If one visualizes, as quite a few, people hopefdi?y did at the time, that
the largely supply-oriented fuel service ventures would be operating in a
political environment of a univer5a11y subscribed to aﬁd universally
adhered to NPT, buttressed by universaﬁ]y applied verification and’
‘inspection systems, the gaps in their bﬁi]t—in safequarding armor Eouid
éppear quite tolerable. One might even say that such an environment might
have obviated the need for the built-in armor altogether.
But the ﬁolitical environment did not reach this Tevel of universal
/-confidence. In fact, it retr‘ogressed.* Even before thelthree surviving
multinational .ventures became operational, the quian explosfon of 1974
tore a hole into the fabric of confidence that had been woven. It was
not the only hole to be sure, but a big new one. The spectre of sudden

weapons spillover from exp]osionecapéb1e fuels raised ts head and became

E3
. See Bertrand Golidschmidt and Myron B. Kratzer, Peaceful Nuclear
Relations: A Studv of the Creation and the Erosion of Confidence,
Rockefeiler Foundation and Royal Institute of International Affairs,
New York and London, November 1978. :
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quite frightening in what was then recognized as an environment of only
partial adherence to the NPT, spreading and often uninspected'nuclear'
industrial facilities, unstable regionai‘énd worid political relations,
and pfojects of transferring fuel cycle technology to further countfies--
‘2 real environment so different from the one pfeviously hoped for. In

the few years that fo??owed, the newly formed Nuclear Suppliers Group,

and corre]atéd actions taken by some of its membefs individually, succeeded
in arresting the spread of certain "sensitive" technologies to further
countries, thus patching up.at least one of the holes in the confidence
fabric. But the seriousness of the remaining holes for the future
prospects of multinational fuel service ventures wds revealed in three
developments: (1) the hardeﬁing of'AmErican opposition to any c]dsure

of the nuc1eaf—fndqstria] fuel cycle in cur time, {2) American disenchant-
ment with the remedial notion of multinational fuel centers, andf(S) the
Holland-Brazil crisis in Urenco. _In each of.these developments, safe-
guarding or spillover prevention was pitted against fuel service supply.
one nacessary functjon against the other.

The determined American assault after 1976 on the comméfcialization of
reprocessing and plutonium recycling undef'known and previousiy encouraged
technologies created difficulties for the development of nuc1éar industry
and coﬁmerce. It also ted to policy differences with the principal'othér
industrial democracies and adherents to the NPT, which need not be analyzed
in this paper. Qith regard to multinational fuel service venﬁures, the
new American policy unwittingly tended to vindiﬁate the supply orientation of
the existing European organizatﬁons and perhaps to stimulate scme new ones

elsewhere with a similar bend; for it put a premium on independent fuel
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] Supply'capabilifies. But the temptation doctrine on which much of the
new—p01fcy was based also made it more difficult to maintain and develop
appropfiate méésures of spillover prevention. If the only acceptable '
safety from weapons spi11ovef were the unattainabiTityrof explosion-
-capability fuels, if the temptatfon to use such fuels for weapoﬁs had to
be regarded as too powerful to be resisted with NPT pledges, IAEA
inspections, intergovernmental contracts, and other commitments of
governments, then an internationally workab}e political safety regime
for nuclear ensrgy wou]d be exceedingly hard to come byk Reprocessors and
reprocessed fuel users would have-fo be regarded as virtual bomb producers;
shippers and handlers, as.jndeed they were in the_minds of some-fea;he%s
of the temptation doctrine. Multinational reprocessors would hardly | : ‘ J‘
- be safer than national ones.

Indeed, the idea of multinational fuel center§ in American policy-
thinking appears to have fallen victim to ‘the temptation doctrine and
the campaign against "plutonium ééonbmyf“ In 1975, Secretary of State
Kissinger, speaking at the U.N., Sti?] formaTlly proposed “as a major
step to reinforce aTI other measures, the establishment of regional
nuclear fuel cycle centers.” Such centers, he said, would serve energy
needs. on a commercially sound-basis, reduce the incentive for national
reprocessing facilities, limit possibilities of weapons spillover, and

*
create a better framework for applying international safeguards. = But

*"Building International Order," Address by Secretary Henry Kissinger
on September 22, 1975. Department of State Bulletin, October 13, 1975,
p. 551,
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disenchantment followed quickly. The abandonment of natfona] facilities
could not be vouchsafed. However well safeguarded internally, the
multinational centers would also distribute plutonium to customers.
What would guarantee that these would noi succumb to the temptation to

*

divert their ration of plutonium to weaponry? Despite general feasibility

studies by the IAEA, the nations of no region showed much interest in

~forming muitinational ventures that seemed primarily safeguard oriented.

And primarily production oriented oneé might not be regional, because

regions harbor not only potential cooperators but aisoc often the sharpest

antagonists. The Carter administration treated. the Kissinger proposal

with skepticism and for all practical purposes ¢ropped it. Eroded confidence

appeared to leave no room for championing regional reprocessing centers.
The Hollend-Brazil crisis in Urenco, finally, showed that common

nroduction interests of partners in an enrichment enterprise could be

jeopardized by divergent views about'safeguard requirements. The bilaterail

and multilateral safsguards on which Germany and Brazil had agreed for

the purpose of their joint undertakings in reactor construction and

pilot fuel cycle plants did not satisfy ceftain parties in Holland. Dutch

opposition threatened to annu1-Urenco nlant construction projects in Europe

and Urenco supply commitments to the reactors under construction in Brazil

W .

Several publications by prominent American thinkers on nuciear policy
illustrate the disenchantment. See, e.g., the contributions of Lawrence
Scheinmann, Constance 8. Smith, and Abram Chayes in International Arrange-
ments for Nuclear Fuel Reprocessing, A. Chayes and W, B. Lewls, eds.,

Ballinger, Cambridge, Mass., pp. 76, 157ff. Albert Wohlstetter, et al.
Moving Toward Life in a Nuclear Armed Crowd, Pan Heuristics, Los Angeles,

California, 1976, pp. 92ff. e
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unless Brazil subscribed to the NPT and accepted "full scope" safeguards,

- something that Brazil had long refused to do. Thus the big German-

Brazilian nuclear industry deal, which had already provoked lively

~conflicts with the United Statas and a tug of war in the London

" Suppliers Group, came close to breaking up the Urenco "troika." The

British and Germans differed with the Dutch over what arrangements with

a customer deserved sufficient confidence that the customer woﬁid not
ultimately derive weapons material from purchases of Tow-enriched -uranium.
Fhr the time being, at ieast, the breakup was avoided.

Thus, the erosion of confidence in provisions: for the prevention-of
weapons spillover did not only stifle new initiatives for multinational
reprocessing ventures, it also threatened the coﬁtinuity of one of the
existing multinational enrichment ventures, and that despite the fact ’
that safeguarding provisions had undergone substantial evolution since

the 1960s and early 1970s.

0o MULTIN@TIONAL ENRICHMENT AMD REPROCESSING HAVE A FUTURE?

At the present time the outlook for such ventures is generaliy

. : t;!:_,f- .
unfavorable, and no paesans ongghéjr economic and political virtues, no

M '( .
wistful hopes that a bigger ;g;& of multinationalization administered to

“ .
ATT of the existing suppﬂ&—oriented European ventures are facing

this or that venture will blaow the troubles away, will change the facts.

greaater difficuities than were‘&ntitipated at thair beginnings. For the

larger part, these difficulties reéﬁ%; from the.troubled state of the

nuclear fission energy in general. Delayﬁtana b1bckage of the construction

Lot 4
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of nuclear faci1ities in many countries, increasingly complex regulation,
widespread antinuclear Luddism, political vacillation, and cost escalation
are depressing the prospects of demand for nuclear fuel seryicesé-at '
least causing much uncertainty--on the one hand, and impeding the programs
_fof éupp1ying these services on the other hand. The whole nuciear industry
complex, fkom the raw material base to electricity demand and waste dis-
pasal, is out of joint, with bott?eng;ks threatening here and excess
capacities there. How different from the high hopes that had_been placed
in the rise of this important new enerdy industry only ten or five years
ago: For the smaller part, the difficulties are specific to the fuel

cycle ventures and reflect technological prob?ems of reprocessing, uncer- |
tainties about fuel cycle chnices in various countries énd the executability
of big contracts--also uncertainties about future offers of enrichment

gnd other fuel services from the United States.

Né wonder then that there are tensions within the organizations. [
have referred to one in Urenco. Eurodif, close to beginning 1a;ge ehrichment
operations, has at least one member, perhaps.several, who néﬁ have no use
for their quota of output--and who have other complaints besides. In
Unirep, at least two of the fhree ba?tnefs appear to . question tne usefulness
of existing cooperation, and that for?different reasons. The adversities
- may not be fatal, but they are not hea]thy. Soire members may exit (Iran from
Eurodif?), but then others may join (Belaium in Unirep?}, perhaps even
non-Europeans. Some speculative developments may not materialize, such as
mutual capital participation amqng_tae Unirep partners, but a joint over-

seas transportation enterprisé for spent fuel appears to be on the way now.
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For new supply-oriented multinational ventures, one may havé to
look outside Eurcpe. A Japahese-Australian énrichment venture is being
talked about, with facilities in one or both countries., It would be an

interasting combination of a technologically advanced large new uranium

-consumer and what is expected to be a large new uranium producer, different

from the Européan combinations of industrially developed but uranium poor
countries. But as of now this. appears to be the only strong candidate.

In Southern Asia, the Middle East, Africa, Latin America, the poiitica]

-and economic prereguisites for multinational fuel service ventures are

generaily Tacking,'unTess one thinks of some country there attaching
itself to a European or & future Far Eastern venture.‘ That is not
ihpossib]e. Multinationalism in the Soviet Bloc is a seﬁérate story.

But the questioﬁ uppermost in people's minds, in this fifth year of
ercding confidence énd‘the second year of INFCE, is whether there is a
future for primarily safequard-oriented multinational ventures, whether
such Ventures'might now come abouf. Ihg operational question is really
narrower: it is the question of a binational, trinational, o% mylti-
ﬁational management of certain segments of hationaliy conducted fuel
reprocessing activities, for short, multinaticnal plutonium management.

[ say for short, because the segments undef consideration reach from
plutonium separation to plutonium storage, plutonium fuel or MOX fabrica-
tion; end re]eése qf fuels to customers. -

The question is beinrg batted around -in INFCE, and perhaps in diplomatic

consititations, too. The urgency of this as yet inconclusive search stems

~ from the hope that such partial muitinationalization of fuel reprocessing,
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insté?iation of multinational enclaves in national enterprises, would
help significantly in restoring mutual confidence in the iﬁfernational
community witﬁ regard to fuel éycle closure for the LWR technology, and
perhaps others as well. This could be a for]orh hope because the con-
flicting priorities of those who want to produce and supply plutonium-
type fuel, those who want to obtain and use such fuel, and those who |
want to see no production, trade, and use of such fuel at all, or as (
little as possibie; remain unreconciled, as far as I can teli. To be
sure, nobody wants to broadcast this kind of fuel, but can multinational
management create confidential acceptance by producer, consumer, and
antiweapon pro?iferafion interests that functioning shpp]y is not
tantamount to reckless broadcasting? This is doubtful, but perhaps .
possible, at least to some degree. '

Lat me use as an illustration the ﬁcheme-that has been advanced by
Ambassador Russell Fox cf Australia and Mason Willrich of the Rockefeller
Foﬁndatjon.* It has the virtues of having ‘been put in the public demain
and of being a rather sensible, sobér-minded, and readable document. |
Fox and Willrich propose that "stbcks of plutonium in excess of immediate

- nieeds" be stored at the sites of commercial reprocessing plants in the
“physical custody, direct and\comp]ete“ of some “multinational or inter-
national agency." The cOntroTTiﬁg agencies, thé ahthors say, should

preferably be established "on a case by case basis through negotiations

*, _ .

Russell W. Fox and Mason Willrich, International Custody of Plutonium
Stocks: A First Step Toward an International Regime for Sensitive Nuclear
Activities, The Rockefeller Foundation and Royal Institute of International
Affairs, New York and London, 1978. The following citations are from the
document.
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among groups of countffes, including oné or more reprocessors; suprie%s
of spent fuel and/or suppiiers of uranium, enrichmenf, and/or nuc1eaf‘
equipmeht,".ih conformance with some general IAEA standards. '(Other 
schemes that I have seen make the IAEA itself the managing agency.)

The participants should agree ﬁn and apply "quite precise criteria"
governing relgases of stored material "for immediate use in a defined
civil purpose . . . under continuing séfeguardabi]ity," criteria which
no state could alter uni]ateraliy. The costs‘of operating the inter-
nétionaT custody of civil plutonium stocks are believed not to be

large, and the authors suggest that most of the costs should be allo-

~cated among the participants through user charges.

I shall not attempt to give a critical appraisal of the Fox-Willrich
scheme and of its alleged benefits to the several interests involved.
Despite its tentativeness and the prob1ems that one may easily ses,
this scheme might have a better chance of bein§ tried out in Western

Europe and Japan than some others, certainly better than such far-out

‘_ notions as an IAEA repfocessing piant on a UN island. Perhaps the

United States government might acquiesce in it. But who would bet on
N ‘

that?  The questions of how and where, even whether, safequard-oriented

multinational enterprise in this field will see the 1ight of day--enter-

orise rather than IAEA monitoring--arekunanswerab]e today.

*For a skeptical view, see Victor GiTinsky, "Plutonium Proliferation
and the Price of Reprocessing," Foreign Affairs, Winter 1978/79, pp. 379-381.
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© CONCLUSION

& Primar{1y suppjy-oriented hu1tinationa1 enrichment and reproceséing
ventures exist in Néstern‘Europe, if somewhat precariously today, and

some similar new ones may be created in the Far East. Thefr contributions‘
to confidence in the prevention of weapons.s§i110Ver are minor, but that
would be no serious problem if such confidence were maintained under broad
unilateral and intergerrnmenta] commitments on the conditions of peaceful
uses of nuclear eﬁergy. Attempts to reverse the erosion of confidehce,
which has occurred in recént years, by‘crééting novel and primariTy.

safeguard-oriented multinational economic ventures, face great political

difficulties, even_anmng the industrial democracies let alone elsewhere.

If such an institution should be born, which seems less uniikely in
Western Europe than anywhere else, its effects will have to be awaited,
its Qiabi]ity proven. If none is born, nations will have to look for

other weans to lTimit the damage done by their mutual distrust.
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?o stért witﬁ; le£‘me explain Briefly the energy;
situation in Japén. As ybu all know, Japan is the extreme l
example of an industrially advénced country with a relatively
large population who has almost no energy-resources of
her own.

Japan's total indigenous energy resourcés, inclusive
of hydroelectric power and coal, are barely encugh to meet 10%
or so of her total energy requiremegts. Therefore, Japan's .
depéndencé on imported energy resources 1s very high as
compared with other industrially advanced countries.

Today, Japan depends on imported crude oil for about..
75% of her total energy need. The éupply of 0il which is
the major source of energy has become most unstable, subject
as it is to developments in oil-@roducing.countries. This
became clear from what happended recently in Iran. Thus,
it is imperative that Japan make utmost efforts to secure
alternative energy sources at the earliest possible time.

In this context, nuclear energy is believed to be most
promising for us. However, even in this field, we are facing
the difficulty of obtaining the raw material. With no domestic
ﬁraniﬁm resources, Japan has to depend virtually 100% on'
foreign counﬁﬁies for the supply of uranium. The big guestion

is how to secure a stable supply of uranium over the long
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':range and how ﬁo reduce the egtremelj high depenaénée 6#

u:aﬁium.imports. This Question_has a:direct_béarihg on.Japan's
energy secufity; Ny :,;‘ ;-'i - : .L o

A£ preSent,Japaﬁ depends totaliy'on other counérieé

no£ only for the supply of natural uranium but also for
_enrichment services. We cannot achiéve_furﬁher development
and utilization of nuclearrenergy without impértihg nucleér
mateﬁials and enrichment services fréﬁ abréé&. In 6ther wbrds;
Japan is compélled to rely epﬁirely on worid market for
nuclear fuel supplies; | |
o In this connection, Qe do appreciaﬁe the statement éf
Mr. John Douglas Anthony, Depﬁty Prime Minister for Tradé

1

and Resources of Australia in Juné 1978:" Australia's ?oliy is
based squarely on our recognition of Australia's obligation |
as a country well endowed with energy resources to make those
resources available to other countries many -of whom havé
no real alternativeiin the wake of ﬁhé world energ? crisis,
than to turn to nuclear energy as a means of Sﬁpplfingﬂ'ji _J—w
electricity to their peoples.™ o | o
Indeed,rfor a country like Japan who is resoufqgleés'
but heavily relies on nuclear power genefation, it is ﬁost
‘difficult to have the nuclear option without securing uranium
supplies. Hoﬁgver, the confidence in nuclear energy as a |

reliable alternative energy source is stilllfar from beiﬂg

established. This is, at least partly, a reflection of7 

Y\

uncertainties regarding the availability of nuclea¥ materials.
we are unfortunatly not convinced that uranium supplies will

be forthcoming on the scale assumed in our nuclear programme. -

-2-



LThe,Ford—Miﬁfe Report puﬁlished in Aéril.l977 says, in
effect: " There is no problem over uranium.supply.

Once the demand.ié there, the supply will grow as needed, as
has been the case.for most commodities!" This theory is,

in my thinking, tqo optimisticf at leas£‘from the standéoint-
of consumer countries because fhey can ndﬁ take ﬁiguréé |

of global uranium and simply assume that uraniﬁm will be
available at any time.

The ufénium problem is not merely Qhethef there exist
enough résourcéé in the wofld, but whether consumer countries
will be able to Qet access to thg quantities-they need
at prices they can afford.-

Needless to say, energy policy is of long-term nature.
And planning is concerned with reducing risks ana uncertainties.
Therefore, energy planning should be done on the basis of
conservative and not optimistic estimates.

This is particularly true with the development of
nuclear‘energy, because it neeés long lead-times .in preparihé

toward plans.
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in-ény case, we éannét féei‘confideﬁt abouﬁ'seéufitf‘
of gupply unless the fueisland services needed for comprehehéibe
nuclear programme are guarantéed. The deﬁelo?ment of nuclear
eﬁéfgy reguires that consumer cduntries are fairly convinced
of the possibility to have access to the hecessary amount of ‘
nuclear materials under acceptable conditions. Any costraints
which raiSé uncefﬁainties about the continuous flow of suppiieé'
codld endaﬁger the implemen£ation of théif nuclear powerr' 7 o
prbgrammes to provide an uninterrupted supply of electricity.

Thre is certainly a long—ﬁerm issue of the adequaéy of
uranium.fesources. Héwever, the present concern of consumer
countries is not so much that the uranium ﬁill run out or;l
become too expensive in the long ruﬁ, but that it might
‘become ﬁnavailable fo:'one reason-or another, Iﬁ-other wordé,
we are not much worried about the physical existence of
uranium fesources, that is to say,'the total volume of
uranium which exists geologically. This is rather of academic
intefest. Whaﬁ really matters for practical purposes is
the actual quantity which can be made available to consumers.
Reliable access is our predominant'éoncern;

The most desirable situatibn from a purely economic point
of view ié the free uranium market as the case of any‘ '
other résourdgs. The supély and demand of nuclear méterials
isheSsentially a commeréial problem. In the pasﬁ the supply .

and demand of uranium was met on a private contract basis

i
.

between producers and consumers. Bilateral negotiations




of long-term contracts between individual mines and electrical

utilities were nomally the principal approach in the uranium market.

The reason why long-term contracts prevail in the uranium

~market is the long incubation time required for the nuclear

industrf. In particular, the consumer findslit nessary to
havé a firm commitment of long term deliveries ofrﬁranium
more than any other commodity; Electrical unilities cannot
risk by depénaing only on'spét or short-term supplies.
Thus, in most cases, thé‘supply contracts are made on a
long—term basis. Leaving aside stokpiling which could
be'costly,vﬁe expect to aséure security of supply mainly
by relying on binding lcong-term arrangménts. In view of
the special nature of the uranium market, such loﬂg—term.

contracts will continue to be the mainstay in commercial deals.

However, there are a number of significant factors
which have affected the,long-térm commeclial contracts.
Among cothers,  the political aﬁilability of uraniumihas
begun to concern recentlf the world nuclear industry.

The 1973 oi;'crisis gave a lesson to the energy.ﬁéers_

that disruption of supply could be caused for political

reasons. Now, the non-proliferation requirements have raised

the commercial deal of uranium to a politicai level.

The future availability of nuclear ﬁaterials has'become-
one of the crucical issues in the nuclear policy.debateﬂ
This'ié something which has never been experiencedgin the

history of trade of any natural resources. Sir Herman Bondi

is right in pointing out that uranium is the "most politicised

commodity in the world."

v
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.TheApolitical con&ifioﬁs of access.to nuclear matefials ;f.
have.become Vefy stringent andrcomplex in recent yeérs;
Such conditions were not parf of international regime of nuclear
energy before. Thus, the problem of vﬁlﬁerabilify to
unpredictable politically-oriented disruption of.supply‘
has become important ene:gy security issue. Consumer countries
are véry concerned about the disruption of supply caused
by political decisions in foreign countries over which they
have no influence. | ‘

Some supplier goverments tried to upgrade the nonﬁproliferation
reqﬁirements of their bilateral supply arrangments to the
extent that are not required by other supplier countries.
" And in the absenée of consumer goverment's timely response, they
threatened or actnally imposed embargoes on deliveries of
uranium under existing arrangments. These actions have forced
some-emergency changes in the implementation of nuclear power
programmes of the affected countries, causing damaging
uncertainties, inconveniences and, in some_ﬁaSéSrffianacial
losses. Théréfore, we are worried about non-proliferation
policies of some supplier countries which involve-sudden
Enterruptions of nuclear fuel supplyﬁ In this connection, it is
to be reminded that the consumer countries have more cause
"to be worried, because present arrangments do not provide
them with adgquate assufance of supply. The existing bilateral
agreements are concerned in principle With'nohéproliferation
cond%tions and not givelany commitment to guarantee that

-

deliveries under commercial contracts are duely made. .



In the absence of such legal obligation, sonme supplierr
countries might be misled into thinking that they are"

free to limit‘or stop the deliveries under exsting supply
arrangments in the namé of non—prolifefation. Coﬁseqﬁently,
there is always a certain risk that thé supply‘of nuclear
materials might be interrupted .as a resﬁit df supplier
government's unilateral action seeking to achieve expansion or
amendment of non-proliferations éonditions in the bilateral
agreements.

Fu;thef,'supply sourcés‘are currently'limitealto a
few‘countries. This means that consumer countries will have few
alternative sources of supply in the event of dispute with
a supplier country'over terms and conditions of‘supply. .

This fact has héightened our concern that suppiier'countries
might expleit their advantageous position to enforce new
non-proliferation réquirﬁenté.

Moreover, the behévior of some supplier countrlés-
gives us impression that they might eventually seek. to obtain
coﬁmercial gain using non-proliferation as an exCuée,_

No doubt, embargoes or any interruption could -iead to
uncertainty relating to tha'timely availability of nuélear.
-materials, thereby causing planninghdifﬁiculties, |

For a country like Japan who is heavily dependent on
imports of nuéleaﬁ materials, uncertainties caused by such-
chanqes of nuclear pelicies of foreign governménté'go to-

the rodt of the problem of security of energy. °



 We_ére all‘éommitted tﬁ-the principlelof nonuproliferaﬁioﬁ
of nuclear weapons., Hoﬁever, non-proliferation conditions
éan become effective only if they fit in with the actual
circumstances. For this purpose we.should try to reduce or
mitigate diéincentives derived from possible unilateral actions
of supplier ccountries in the intéfest of increasing7the |
credibility of non~prolifera£ion.objectives. We do not want,
byrno means, to avoid the updating of the non—proiifération
coﬁditions, if they really deem to be'necezsary. But we are concerned
about the possibility that changes so introduced into the market .
might inhibit fair trade in nuclear materials and damage fhe \
energy security. ‘

I believe-that the fblléwing principles should'governthe
‘future relationship between suppliers and consumers.

Firstly, the supplier countries should honor existing
commercial contracts on fhe supply of nuclear météfiéls, as
Jong as a comsumer country has not breached non~proliferation nofmsr
Should; howevér, the misuse of nuclear mataerials for purpoées“
other than peaceful be proven, then embarcoes of even stricter
measures Shoﬁldlbe applied as a sanction. If a country is-not in
" breach, -supplier countries should 1ot use'orlthreaten to use
exporﬁ pcwerﬁ to aéhieve'changes in the terms of the biléteral
agreements. There should be a clear pfeéumption that once
ponludgé commercial contracts will be fulfilledrﬁnless tﬁe
recipiént‘country of nuclear materials violate the°agreea

non-proliferaton rules.




Secondlf, all changes 1in noﬂ—prolifefation Condiﬁons be
prospective and not retrbspective in application. In othe:"words;; 
the suprlier countries should refrain from applying any.changes
reflectingrtheir new pbiiéies to existing supply contracts,'in‘
particular,.to materials committgd prior to the change of
éonditions. It is essential that the supplier éountries guarantee
that the requirements for new non;proliferation conditions
will not affect the export licenées for deliveries qf nuqlear
materials under already established arrangements. |

Thirdly, broad agreement shoula be sought Befdfe ne#
terms and conditions are implemented on a bilateral basis.

This means, any proposal for additicnal nonuproliﬁeratign-
requirements which are beyond generally.recognized levels.

among countries concerned, would be put forward for multilateral .
consideration prior to bilateral negotiations. Otherwise,
resource—poor countries who have embarked on major nuclear power
programmes must -continue to live with the eséalating
requirements of supplier coﬁntries. Therefore, thé'rules for

" framing non-proliferation objectives should be rationalized

and standardized baséd on a broad international consensus.'Only
after such procedure, the rules are to be incorporated in-

the bilateral ageements between supplier and consumer cquntriés.
'Thus, the new rules could be applied in an unambiguous dnd
non-discriminatory way. In any case, unilateral action to
achieve changes in non-proliferation conditions should be
discou{aged. Although supplier governments have the right

to intervene in the nuclear trade, export controls should



not result in excessive uncertainties in the supply of
nuclear materials., The manner in which the governments
concerned operate their cotrols should not be unilatral

or arbitrary.

For above resons, it is sincerely hoped that the countries
concerned make Jjoint efforts to establish an international mechanism
of nuclear supply. The acceptance of a set 0of internationally agresed

nen-proliferation conditions, identified as necessary by
P . :

‘consensus, would provide the cosumers with the assuranse of

fuél supply and at the same time satisty the non-proliferation
requirenents of the supﬁliers. This would éertaiﬁly provide
incentives to the consumers in order to make easier to

support non-proliferation objectives and reduce disincentives
which would derive from arbitrary actions of supplier countriés.
Thus, a balanced climate of mutual confidence will be éreated
between suppliers and consumers, avoiding political

conflicts over the export conditions of nuclear materials and:

mitigating impediment to nuclear trade as a whole.
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Multinationalization of Reprocessing and Enrichment::
How and Where ? :
bome remarks by M Osredkar

(J.8tefan Institute, Ljubljana, Yugéélavia) : ;

There are many reasons for believing that wmultinational
undertakings for either of the two processes, reprocessing
and enrichment, a2s the needs will grow, will have advantages
from the point of view of economies of scale, nonprolifera-
tion, economics and financing. It is not clear, however, how
in general in a multinational undertsking some other require-
ments besidec tThe three mentioned can be met, such as availa-
‘bility of techndlogy, mutual confidence of partners. expedien-
ce in shared decision-making znd responsibility, operational
capability and efficiency, etc. The problems involved in estab-
lishmeﬁt and operation of wultinational indertakings, as known,
- are considerable. I believe that solutions to *hese problems

depend very wmuch, asmong others, on the homogeneity of the coun-~

Therefore, 1t seems to me worthwhile reflecting how some DUs
could Jjoin in such a multinstional undertaking.

Examples from which to learn on multinational undertakings
in the very specific nuclear field are very few. We could, in
fact, use ewky two: Eurodif and Troika (Urenco/Centec). For the

|
. _
‘ tries involved in respect to their development and interests.
sake of this discussion one might characterize them as follows:



Eurodif: diffusion process basically requires big size
plants and investments; it can, therefore, only be materiali-
zed by the technology - holder attracting other shareholders -
- clients; essentially undertaking is based on joining finan-
cial means to pay for technology, <& engineering services and
investments for putting up one plant.

Troika: centrifuge process being developed separately
by three partners who realised the advantage of exchanging
and joining their knowledge to accelerate the development of
the process and, on basis of common knowledge, to build seve-
ral plants and create other jolntly owned companies to further
the process.

Obviously, partners in the two undertakings besides know-
ing their needs for enrichment, had to have either financial
means and accept the plant to be built in the technclogy-holders’
country as in case of Turodif or had to have financial means and
knowledge to join in Troika and have enrichment plants nesrby.

In either case one could not imagine how an average DC
could enter itAsince DCs in general, have neither financial means
nor specific knowledge, even when they know what they need. They
are or will be, in fact, left to éatisfy their needs mostly by
buying enrichment services from individual enrichment suplying
countries under uncertain conditions subject to changes in their
policies, as was the case in the past not only in relation to
the DCs. The industrial countries could, in such situation, remain
unconcerned about the interest of DCs and take care of their own
needs for enrichment and reprocessing by Jjoining their efforts
(following the described examples) or, perhaps, even providing
for other customers some exbtra capacity to be made available more
or less on a market basis, the market being fully monopolized.
Such a set up would, in eyes of many developed countries, even
have the advantage of being, in a large extent, "proliferation
proof". Buch views have been ewpressed repeatedly and are, in
fact, governing at present the nuclear field.
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It is nobt unknown thsat the developing world 1is certainly
not willing to asccept such posi%ion and does interpret it as
discriminatory particularly when nounproliferation aims are being
used as the argument. The inevitable consequeénce 1is a strong '
tendency to become independent even for high price and sacrifice,
causing thereby addiftional suspicions abcut the real goals of h
self-sufficiency and nuclear power. At the same. time, many
developed countries will find that, in addivion To domestic dif-—
ficulties, their export market will also be impaired. They,
therefore, might realize the need for opening the possibilities
for DCs  to enter multinational arrangements on egual footing

in spite of their full lack of assels traditionally required for

‘equality. Unless such possibilities are found the traditional

"orth-South imoasse" cannot be sclved and interests of both
kinds of countries, developed and developing, will remain un-
satisfied or even damaged. It should be noted in addition that
the problem of transfer of nuclear technology is an integral 4,
part of the general North - South prcblem (and of the New eco-
nomic order) and that 1t can not remain isolated much longer

if the North - South impasse is ever to be overcome.

The capability to create equal possibilities for DCS, ﬁéw—
ever,lies much beyond the reach of industrial companiés unless
the governments come in, since it really means creating a kind of
artificially made equality by providing developing countries
with necessary financial means, out of national income of richer
countries, needed by DCs to become, for instance; shareholders in
multinational undertakings. Such contributions to DCs can only

" be made with governmmental action which would not be unusual as,

in-puclear matters, industrial companies and governments mostly
work in tandem. As much as such a suggestion might seem unrea-
listic or even utopian one should recall only that the history

of last 35 years shows several cases of similar governméntal
actions or that many countries having less developed areas (South)

are following essentially such policies ( in relation to them).
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. In case of Yugoslavia, which has
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been paying particular atten-

tion to developing its uhderdevelopedAregions (such as Kosovo)

. ! ’
the results have been extremely beneficial and have essentially
contributed to stability and mutual good confidence in the federa-

tion.

One
could not
developed
being the
And it is
involving
- the other

can see no reason why Yugoslav and other such experience
be used to estabilsh confidence internationally, among
and developing countries, lack of mutual confidence

most important and acknowledged international problem.
not only the question of confidence in nuclear matters
on one side nonproliferation commitments weighed, on

side, against willingnegs to share nuclear technolo
3 Bness, 67

and to assure supplies; it is mewe the question of confidence
between those who have and those who have not which can be esta-:
blished only with great difficulty and efforts. This confidence
can not be based only on implementation (which hardly exists) of
the promises of transfer of technology since the crucial condi-
tion for technological transfer is the transfer and creation of

economical and buying power enabling acceptance of technology

and Cdoperation in multinational undertakings. The modes of how
to implement such approach would have yet to be invented and

. ¢created.
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| HAVE BEEN ASKED TO DISCUSS THE IMPLEMENTATION OF THE
U.S. NucLear Mon-ProLiFERATION ACT oF 1978, 1 WELCOME THE
OPPORTUNITY, SECAUSE | BELIEVE THAT EVEN A YEAR AFTER ITS
ENACTMENT THERE REMAIN MISCONCEPTIONS ABOUT THE PROVISIONS
OF THIS LAW AND THE MANNER IN WHICH WE INTEND TO IMPLEMENT
T, o |
[T 1S UNDERSTANDABLE THAT THESE MISCONCEPTIONS EXIST,
THE LAW IS COMPLEX, AND IT CONTAINS PROVISIONS WHOSE INTENT
IS UNCLEAR, | , |
] WOULD LIKE FIRST TO TRY TO CLARIFY THE LAW AND THE
MANNER IN WHICH WE ARE IMPLEMENTING IT. | WOULD THEN LIKE
7O DISCUSS OUR PRELIMINARY VIEWS ON HOW THE NUCLEAR FUEL |
CYCLE MIGHT BE MANAGED AFTER INFCE AND HOW WE MIGHT IMPLEMENT
OUR LAW IN A MANNER CONSISTENT WITH SUCH A REGIME,

1. KUCLEAR NON-PROUIFERATION ACT OF 1978 -

IN DISCUSSING THE NON-PROLIFERATION AcT [ wILL FocUs on. -
FOUR ASPECTS OF THE LAW, "—""‘-!UCLEAP.I‘EXPORT CRITERTA; CONDITIONS



RESULTING IN TERMINATION OF US NUCLEAR CDOPERATIONf REPROCESSING
APPROVALS,; AND THE REQUIREMENTS 710 RENEGOTIATE QUR AGREEMENTS
FOR COOPERATION, [ WILL NOT DISCUSS IN ANY DETAIL OTHER
ASPECTS OF THE ACT, INCLUDING US INITIATIVES TO PROVIDE
ADEQUATE NUCLEAR FUEL SUPPLY, STRE&GTHEN THE INTERNATIONAL
 SAFEGUARDS SYSTEM, AND TO ASSIST DEVELOPING COUNTRIES WITH
THEIR ENERGY PROBLEMS., [ DO NOT WANT MY LACK OF ATTENTION

70 THESE PROGRAMS IN THIS ADDRESS TO BE CONSTRUED AS AN
INDICATION THAT WE DO'NOT ATTACH IMPORTANCE TO. THEM. |
IMPLEMENTATION OF THESE PARTS OF THE LAW AND POLICY‘ARE
ESSENTIAL TO ACHIEVING OUR NON~PROLIFERATION OBJECTIVES, AND
WE ARE DEVOTING SIGNIFICANT RESQURCES TO THESE AREAS.
HOWEVER, IN THE BR&EF-PERIOD [ HAVE TONIGHT I WOULD LIKE TO
ADDRESS PRIMARILY THE SECTIONS OF THE ACT.THAT HAVE PROVOKED
CONTROVERSY AND ARE OFTEN MISUNDERSTOOD.

A, HucLEAR ExporT CRITERIA

THE LAW SETS FORTH CRITERIA FOR US EXPORTS OF SOURCE
MATERIAL, SPECIAL NUCLEAR MATERIAL, AND PRODUCTION AND
UTILIZATION FACILITIES AS WELL AS SENSITIVE NUCLEAR TECHNOLOGY.
MUCH ATTENTION HAS NATURALLY FOCUSED ON THESE CRITERIA BECAUSE
THEY HAVE THE MOST -IMMEDIATE IMPACT ON OQUR NUCLEAR COOPERATION.
MANY BELIEVE OUR NEW EXPORT REQUIREMENTS DEPART WIDELY FROM
PAST U.S., NUCLEAR EXPORT POLICY AND GO SIGNIFICANTLY BEYOND
THE REQUIREMENTS OF OTHER NUCLEAR EXPORTERS. THIS IS NOT
THE CASE. | | |



IMMEDIATE CRITERIA

THE EXPORT LICENSING CRITERIA THAT ARE IMMEDIATELY
APPLICABLE UNDER THE ACT ARE ALREADY MET BY ALL STATES WITH
WHOM WE COOPERATE ON A BILATERAL BASIS, SOME CRITERIA ARE

- NOT MET UNDER OUR PRESENT AGREEMENTS WITH THE EUROPEAN

COMMUNITY AND THE INTERNATIONAL AToMIC ENERGY AGENCY, BUT
THERE ARE PROVISIONS IN THE ACT THAT ALLOW US TO CONTINUE
NUCLEAR COGPERATION WITH THESE PARTNERS FOR AT LEAST THO
YEARS WHILE WE NEGOTIATE AMENDMENTS TO THESE AGREEMENTS,
WITH THE PRESIDENT ABLE TO EXTEND THE PERIOD TO ALLOW
ADDITIONAL TIME TO REACH AGREEMENT,

[MorEOVER, THE ACT’S EXPORT CRITERIA ARE CONSISTENT WITH
THE REQUIREMENTS OF OTHER NUCLEAR EXPORTERS OR THE MNUCLEAR
SUPPLIERS GUIDELINES. THE PROVISION THAT U.S. NUCLEAR

EXPORTS BE SUBJECT TO [AEA SAFEGUARDS, A NO EXPLOSIVES USE

COMMITMENT, ADEQUATE PHYSICAL SECURITY AMD RETRANSFER
CONTROLS ARE SIMILAR TO THE NUCLEAR EXPORT REQUIREMENTS OF
OTHER EXPORTERS. CONTROLS OVER THE REPROCESSING OF SUPPLIED
MATERIALS ARE FOUND NOT oNLY IN U.S. POLICY BUT ALSO IN THE
EXPORT CRITERIA OF SUCH SUPPLIERS AS CANADA AND AUSTRALIA,

FULL SCOPE_SAFEGUARDS |
THERE 1S AN ADDITIONAL EXPORT CRITERION WHICH BECOMES
EFFECTIVE FOR EXPORTS AFTER MARCH 1980, THIS REQUIREMENT IS
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THAT A NoN~NucLEAR WEAPON STATE HAVE ALL ITS PEACEFUL NUCLEAR
ACTIVITIES UNDER [AEA SAFEGUARDS IN ORDER FOR US TO CONTINUE
COOPERATION,

THIS SECTION OF THE LAW, WHICH MAY REQUIRE US TO DISCONTINUE

SOME EXISTING COOPERATION ARRANGEMENTS, PROVOKES PERHAPS THE
MOST CONTROVERSY., IT IS A COMPROMISE AMONG SEVERAL POINTS

OF VIEW THAT WERE ADVANCED WHEN THIS LEGISLATION WAS PUT
TOGETHER, AT ONE END OF THE SPECTRUM WAS THE VIEW THAT
BECAUSE IAEA SAFEGUARDS ARE THE FUNDAMENTAL INSTITUTION ‘OF
PEACEFUL NUCLEAR COOPERATION, WE SHOULD CONTIMUE NUCLEAR
COOPERATION ONLY WITH STATES THAT ACCEPT NPT-TYPE FULL SCOPE
SAFEGUARDS AS WELL AS OTHER NEW CONDITIONS WITHIN A SPECIFIED
PERICD. AT THE OTHER END WAS THE VIEW THAT, WHILE ANY NEW
COOPERATION SHOULD DEPEND ON A STATE HAVING ALL ITS NUCLEAR
ACTIVITIES UNDER INTERNATIONAL SAFEGUARDS, WE SHOULD NOT
CHANGE THE RULES FOR OUR COOPERATION UNDER EXISTING AGREEMENTS.
THE COMPROMISE REACHED WAS A "DE FACTO" FULL SCOPE SAFEGUARDS |
APPROACH THAT WOULD TAKE EFFECT AFTER A 24 MONTH GRACE

PERIOD FOR NEGOTIATION, WE BELIEVE THAT THIS APPROACH IS
REASONABLE FOR THE FOLLOWING REASONS., ' |

Tue "DE FACTO FULL SCOPE SAFEGUARDS APPROACH
THE VAST MAJORITY OF STATES, BOTH NUCLEAR SUPPLIERS AND

RECIPIENTS, ADHERE TO THE NPT. THEY ACCEPT THAT SAFEGUARDS
SHOULD BE APPLIED TO ALL PEACEFUL NUCLEAR ACTIVITIES, A
NUMBER OF $UPPLIERS, INCLUDING CANADA- AND AUSTRALIA,
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MAKE NPT-TYPE FULL SCOPE SAFEGUARDS A CONDITION OF ANY NEW
NUCLEAR COOPERATION, WE BELIEVE AN INTERMATIONAL CONSENSUS
IS‘EMERGING'THAT FULL SCOPE SAFEGUARDS ALONG THE LINES OF

NPT SAFEGUARD ARRANGEMENTS ARE APPROPRIATE, HoweVER, IN THE
MEANTIME WE HAVE ADOPTED THE "DE FACTO” FULL SCOPE APPROACH,
THIS APPROACH DOES NOT ENTAIL A COMMITMENT TO PUT ALL FUTURE
PEACEFUL NUCLEAR ACTIVITIES UNDER SAFEGUARDS, AS MNPT-Type

FULL SCOPE SAFEGUARDS DO, THIS MEANS THAT WE CAN CONTINUE |
NUCLEAR COOPERATION WITH STATES WHICH--FOR POLITICAL REASONS--
ARE NOT PREPARED TO MAKE AN NPT-TYPE COMMITMENT ALTHOUGH
THEY WILL ACCEPT SAFEGUARDS ON ALL THEIR PRESENT NUCLEAR
ACTIVITIES, [HESE STATES ALSO KNOW THAT IF THEY LATER
i ACQUIRE OR DEVELOP UNSAFEGUARDED FACILITIES, WE WOULD NO
i - LONGER BE ABLE TO CONTINUE NUCLEAR COOPERATION, , -
; THIS SECTION OF THE LAW DOES GO BEYOND CONDITIONS IN
! CURRENT US NUCLEAR COOPERATION AGREEMENTS. AS | HAVE NOTED
| IT MAY MEAN THAT WE MUST DISCONTINUE NUCLEAR COOPERATION
WITH A FEW STATES WHICH MAY NOT AGREE TO PLACE ALL THEIR
PRESENT NUCLEAR ACTIVITIES UNDER SAFEGUARDS BY THE MaRcH,
1980 peapLine., MosT noN-NPT PARTIES WITH WHICH WE CCOPERATE,
HOWEVER, EITHER HAVE ALL OF THEIR NUCLEAR ACTIVITIES UNDER
SAFEGUARDS OR ARE MOVING IN THIS DIRECTION.

THE_EURATOM AMD IAEA "EXEMPTION”

ANOTHER PROVISON OF THE ACT AFFECTS CNLY OUR AGREEMENTS

WITH EURATOM AND THE IAEA, AGAIN, THIS PROVISION HAS A
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LEGISUATIVE HISTORY, OUR AGREEMENTS FOR PEACEFUL NUCLEAR
COOPERATION WITH THE EUROPEAN COMMUNITY AND THE INTERNATIONAL
Atomic ENERGY AGENCY DO NOT PROVIDE FOR U.S. APPROVAL RIGHTS
OVER THE REPROCESSING OF U.S.-SUPPLIED MATERIAL. [N ADDITION,
THe US-TAEA AGREEMENT HAS NO PROVISION FOR U.S. APPROVAL
RIGHTS OVER RETRANSFERS, AS I HAVE NOTED, THESE ARE TWO OF
THE IMMEDIATELY APPLICABLE NUCLEAR EXPORT CRITERIA IN THE
AcT. |

WHEN THE LEGISLATION WAS UNDER CONSIDERATION THERE wéRé
ALSO TWO SCHOOLS OF THOUGHT ON HOW TO HANDLE THIS PROBLEM,
ONE VIEW WAS THAT WE SHOULD CONTINUE TO EXemPT EURATOM AND

- THE [AEA FROM THESE CONDITIONS, THE OTHER WAS THAT WE

SHOULD MAKE NO EXCEPTION FROM THE GENERALLY APPLICABLE
NUCLEAR EXPORT CRITERIA, AND THAT WE SHOULD BREAK OFF
COOPERATION UNDER THESE AGREEMENTS UNTIL WE HAD SECURED
THESE RIGHTS., NEITHER OF THESE EXTREMES PROVED ACCEPTABLE,

| UNDER THE COMPROMISE THAT DEVELOPED, COOPERATION WOULD -
CONTINUE UNDER EXISTING CONDITIONS FOR A PERIOD OF THIRTY
DAYS AFTER ENACTMENT OF THE LAW, AND FOR A PERIOD OF TWENTY-
THREE MONTHS THEREAFTER IF THESE ORGANIZATIONS AGREED TO
RENEGOTIATE THEIR AGREEMENTS WITH US. THE LAW ALSO PROVIDES
THAT THIS PERIOD MAY BE EXTENDED BY THE PRESIDENT BY A
NOTIFICATION TO THE U,S. CONGRESS IN ONE-YEAR INCREMENTS ;- "

"IF HE DETERMINES THAT FAILURE TO CONTINUE COOPERATLON WOULD BE.. -

SERTOUSLY PREJUDICIAL TO THE ACHIEVEMENT oF U,S. Hon-ProLiF-
ERATION OBJECTIVES OR OTHERWISE JEOPARDIZE THE COMMON
DEFENSE OR SECURITY,
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The TAEA QuIcKLY AGREED TO NEGOTIATIONS AND OUR COOPER-
ATION WITH OR THROUGH THE AGENCY WAS NOT INTERRUPTED,
EURATOM wWAS NOT PREPARED TO RENEGOTIATE ITS AGREEMENT WITH
US WITHIN THE THIRTY DAYS SPECIFIED IN THE LAW, WE WERE
THEREFORE UNABLE TO LICENSE EXPORTS TO THE COMMUNITY,
| AFTER ABOUT TWO MONTHS WE WORKED OUT A COMPROMISE WITH
THE COMMUNITY. _IT-AGREED TO DISCUSSIONS ON OUR AGREEMENT
WITH THE UNDERSTANDING THAT ISSUES BEING ADDRESSED IN THE
INTERNATIONAL FUEL CycLE EVALUATION WOULD NOT BE RAISED
UNTIL THE cOMPLETION OF INFCE., WITH THIS AGREEMENT, OUR
NUCLEAR COGPERATION WITH THE EUROPEAN COMMUNITY WAS RESTORED,
WITH THE POSSIBLE EXCEPTION OF OUR COOPERATION WITH TWO

STATES, THEREFORE, WE BELIEVE THAT THE EXPCORT CRITERIA OF

- THE NON-PROLIFERATION ACT WILL NOT INTERFERE WITH ON-GOING

NUCLEAR RELATIONS, INDEED, | SHOULD NOTE THAT THE LAW
ALLOWS THE PRESIDENT TO AUTHORIZE EXPORTS, SUBJECT TO
CONGRESSIONAL REVIEW, WHICH DO NOT MEET ANY OF THE CRITERIA
OR WHICH THE NUCLEAR REGULATORY CoMMISSION FAILS TO APPROVE
FOR ANY REASON. TO DO SO HE MUST DETERMINE THAT WITHHOLDING
THE EXPORT WOULD BE SERIOUSLY PREJUDICIAL TO THE ACHIEVEMENT
oF US NON-PROLIFERATION OBJECTIVES OR OTHERWISE JEOPARDIZE
THE COMMON DEFENSE AND SECURITY, THE PRESIDENT EXERCISED

THIS AUTHORITY LAST YEAR TO ALLOW THE EXPORT OF LCW ENRICHED

URANTUM To INDIA., THIS AUTHORITY IS IMPORTANT TO ENSURE

THAT THE PRESIDENT IS ABLE TO RESPOND TO EXCEPTIONAL CIRCUMSTANCES
HOWEVER, THE NUCLEAR EXPORT CRITERIA IN QUR LAV ARE FUNDAMENTAL



TO QUR APPROACH TO NON-PROLIFERATICN, AND WE HOPE THAT IN
PRACTICE SUCH PRESIDENTIAL AUTHORIZATION WILL SELDOM BE
NECESSARY,

B, CONDITIONS RFSULTING IN TERMINATION OF US MUCLEAR EXPORTS
I WOULD LIKE TO TURN TO THE SECTION OF THE LAW WHICH
SPECIFIES ACTIVITIES BY OUR PARTMERS THAT COULD RESULT IN
THE TERMINATION of U.S, NUCLEAR COCPERATION, [MoST OF THE
ACTIVITIES DELINEATED IN THIS SECTION ARE CLEAR:! DETONATION
OF A NUCLEAR EXPLOSIVE DEVICE; VIOLATION, TERMINATION, OR
ABROGATION OF SAFEGUARDS BY A NON-NUCLEAR WEAPONS STATE; OR
MATERIAL VIOLATION OF THE TERMS OF COOPERATION WITH THE U.S.
BY ANY COOPERATING PARTY., T[WO OF THE CONDITIONS ARE, HOWEVER, .
MORE COMPLEX,

ACTIVITIES RELATING T0O NUCLEAR EXPLOSIIONS
THE LAW REQUIRES THAT WE TERMINATE COOPERATION WITH ANY

NON=NUCLEAR WEAPONS STATE THAT "ENGAGES IN ACTIVITIES
INVOLYING SOURCE OR SPECIAL NUCLEAR MATERIAL AND HAVING
DIRECT SIGNIFICANCE FOR THE MANUFACTURE OR ACQUISITION OF
NUCLEAR EXPLOSIVE DEVICES” AND WITH ANY STATE, WEAPON OR
NON-WEAPONS, THAT ASSISTS, ENCOURAGES OR INDUCES A NON-
NUCLEAR WEAPONS STATE TO ENGAGE IN SUCH ACTIVITIES, UNLESS
IN THE PRESIDENT'S JUDGMENT SUFFICIENT PROGRESS HAS BEEN
MADE TOWARD TERMINATING THESE ACTIVITIES, THE INTENT OF
THIS SECTION, WHICH 1S DOCUMENTED IN ITS LEGISLATIVE HISTORY,
IS CLEARLY DIRECTED TO NUCLEAR EXPLOSIVE PROGRAMS, BUT
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SOME CONCERN HAS BEEN EXPRESSED THAT THIS PROVISICN MAY-

BE INTERPRETED AS APPLYING TO ANY SENSITIVE NUCLEAR ACTIVITY, *

EVEN IF SUCH A PROGRAM [S CLEARLY UNDERTAKEN FOR EXCLUSIVELY
PEACEFUL PURPOSES, [HIS IS NOT THE WAY WE ARE IMPLEMENTING
THIS SECTION. WE DO HAVE STRONG RESERVATIONS ABOUT NATIONAL
ENRICHMENT AND REPRCCESSING PROGRAMS, BUT OUR NUCLEAR
COOPERATION WOULD BE TERMINATED UNDER THIS SECTION ONLY IF
WE BELIEVE THAT THESE PROGRAMS ARE DESIGNED FOR OTHER THAN
PEACEFUL PURPOSES,

TRANSFERS OF REPROCESSING EQUIPHEMT
THE LAW ALSO REQUIRES US TO END COCPERATION WITH ANY

- STATE THAT HAS ENTERED INTC AN AGREEMENT AFTER THE DATE OF

EMACTMENT OF THE ACT FOR THE TRANSFER OF REPROCESSING
EQUIPMENT, MATERIALS OR TECHNGCLOGY TO A NON-NUCLEAR WEAPONS
STATE, EXCEPT IN CONNECTION WITH AN INTERNATIONAL FUEL CYCLE
EVALUATION IN WHICH THE US 1S A PARTICIPANT OR PURSUANT TO A
SUBSEQUENT INTERNATIOMAL AGREEMENT OR UNDERSTANDING TO WHICH
THE US SUBSCRIBES, TO OUR KNOWLEDGE, NO SUCH AGREEMENT HAS

BEEN ENTERED INTO SINCE MarcH 10, 1978 WHEN THE LAW WAS

ENACTED. WE HOPE THAT ANY FUTURE TRANSFERS OF REPRCCESSING
TECHNOLOGY OR EQUIPMEMT WILL BE UNDER CONDITIONS TO WHICH WE

WILL BE ABLE TO SUBSCRIBE, T _

BS WITH OTHER SECTIONS OF THE-LAW,-THE PRESIDENT MAV-
WAIVE THE TERMINATION OF COOPERATION CALLED FOR IN THIS
SECTION IF HE DETERMINES THAT CESSATION OF COOPERATION WOULD
PREJUDICE US NON-PROLIFERATION OBJECTIVES OR OTHERWISE
JEOPARDIZE THE COMMON DEFENSE AND SECURITY. AGAIN, SUCH A
WAIVER WOULD BE SUBJECT TC (CNGRESSIONAL REVIEW,
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C. REQUIREMENTS FOR_LIS_APPROVAL OF THE REPROCESSING OF
US-SUPPLIED MATERIAL
OUR ATTITUDE TOWARD REPROCESSING IS A CENTRAL ASPECT OF

OUR LAW AND POLICY. THE LAW HOLDS, IN EFFECT, THAT WE MAY
APPROVE REPROCESSING OR TRANSFERS FOR REPROCESSING OF MATERIAL
SUBJECT To US CONTROL ONLY IF WE JUDGE THAT SUCH REPROCESSING
OR RETRANSFER WILL NOT RESULT IN A SIGNIFICANT INCREASE OF
THE RISK OF PROLIFERATION, |

 THE LAW STATES THAT AMONG ALL THE FACTORS RELATED TO
 THIS JUDGMENT, FOREMCST CONSIDERATION SHOULD BE GIVEN TO
WHETHER OR NOT THE CONDITIONS FOR REPROCESSING OR RETRANSFER
WOULD ALLOW "TIMELY WARNING” To THE US OF ANY DIVERSION OF
MATERIAL, [HE LAW EXEMPTS FROM THIS PROVISION REPROCESSING
FACILITIES THAT HAVE ALREADY PROCESSED POWER REACTOR FUEL OR
HAVE BEEN THE SUBJECT OF A US APPROVAL FOR REPROCESSING
PRIOR TO ENACTMENT oF THE NNPA, BEFORE AUTHORIZING REPROCESSING
oF US~SUPPLIED FUEL AT SUCH FACILITIES, THE SECRETARY OF
ENERGY MUST NEVERTHELESS "ATTEMPT TO ENSURE" THAT THE ABOVE
CONDITIONS ARE MET. |

IN IMPLEMENTING THIS SECTION OF THE LAW, WHETHER FOR

CEXISTING FACILITIES OR NEW FACILITIES, WE HAVE APPROVED
RETRANSFER ONLY WHEN WE HAVE DETERMINED THERE WILL BE NO
SIGNIFICANT INCREASE IN THE RISK OF PROLIFERATION, ALL OF
THE TRANSFERS WE HAVE APPROVED TO DATE HAVE ALL BEEN TO THE
UK or FRANCE, BOTH STATES WITH A STRONG COMMITMENT TO NON-
PROLIFERATION, AND THAT WE ALSO HAVE THE RIGHT TO APPROVE
THE TRANSFER OF THE SEPARATED PLUTONIUM RESULTING FROM THE
REPROCESSING, |
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US_POLICY. ON RETRANSFFRS DURING INFCE
[N ADDITION TO THE PROVISIONS OF THIS SECTION OF THE

AcT, THE ADMINISTRATiON HAS ADOPTED FURTHER GUIDELINES FOR
APPROVING THE TRANSFER FOR REPROCESSING OF US-ORIGIN FUEL
DURING THE PERIOD OF THE [NTERNATIONAL NucLear FueL CycLe
EvaLuaTion (INFCE), THESE GUIDELINES ARE THAT SUCH REQUESTS
WILL BE REVIEWED ON A CASE-BY-CASE BASIS AND WILL BE CONSIDERED
FOR APPROVAL IF: |

-= (A) THE REQUEST INVOLVES A CLEAR SHOWING OF ‘NEED

(1.E., SPENT FUEL STORAGE CONGESTION), AND (B) THE

REQUESTING COUNTRY HAS MADE APPROPRIATE EFFORTS TO

EXPAND ITS SPENT FUEL STORAGE CAPACITY; OR

~- (A} THE REQUEST INVOLVES A CONTRACT PREDATING

CURRENT US POLICY TOWARD REPROCESSING (1.E., PRIOR TO

APRIL 1977, (B) THE REQUESTING COUNTRY 1S COOPERATING

IN EXPLORING MORE PROLIFERATION RESISTANT METHODS

OF SPENT FUEL DISPOSITION, AND (C) APPROVAL WILL DIRECTLY

© FURTHER NON-PROLIFERATION OBJECTIVES,

WE ALSO REQUIRE APPROVAL RIGHTS OVER THE SUBSEQUENT TRANSFER
OF ANY PLUTONIUM RESULTING FROM THE REPROCESSING, INCLUDING
RETURN TO THE COUNTRY THAT OWNS THE MATERIAL.

THIS POLICY IS MEANT TO ENCOURAGE THE STORAGE OF SPENT
FUEL INSTEAD OF REPROCESSING WHILE MORE PROLIFERATION-
RESISTANT ALTERNATIVES ARE £xPLORED IN INFCE AND ELSEWHERE,
WE KNOW, HOWEVER, THAT SOME STATES DO NOT YET HAVE THE
PHYSICAL CAPACITY FOR LONG-TERM STORAGE OF SPENT FUEL,
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ALso, CERTAIN STATES ENTERED INTO LONG*TERM CONTQACTS WITH
REPROCESSORS PRIOR TO OUR NEW PCLICY, AND THEY WOULD FACE
SUBSTANTIAL COMMERCIAL PENALTIES AND OTHER DISRUPTIONS TOC
THEIR NUCLEAR PROGRAMS IF THEY DO NOT HONOR THESE CONTRACTS.

D. REMNEGOTIATIONS -

[ WOULD NOW LIKE TO TU§ﬁ TO ANOTHER MAJOR ELEMENT OF
THE ACT--THE REQUIREMENT THAT WE INITIATE A PROGRAM TO
RENEGOTIATE OUR EXISTING AGREEMENTS OF COOPERATION TO INCLUDE
IN THEM THE CONDITIONS THE LAW ESTABLISHES FOR NEW‘AGREEMEN?ﬁe
THESE CONDITIONS PARALLEL IN MOST RESPECTS THE NUCLEAR |
EXPORT CRITERIA- | HAVE JUST DISCUSSED.. MANY OF THEM ARE
ALREADY CONTAINED IN OUﬁ EXISTING COOPERATIVE ARRANGEMENTS,

- THE MAJOR NEW CONDITION IS THAT WE ASK RETRANSFER AND

REPROCESSING APPROVAL RIGHTS NOT ONLY ON U.S,-SUPPLIED
MATERIAL BUT ALSO ON ANY OTHER MATERIAL USED IN U,S.,-suppLitD
NUCLEAR REACTORS, [N ADDITION, WE ASK APPROVAL RIGHTS ON
WHICH FACILITIES MAY BE USED TO STORE WEAPONS-GRADE MATERIAL
suJecT To U.S. conTROL. A THIRD NEW CONDITION 1S THAT WE
HAVE THE RIGHT TO REQUIRE THE RETURN OF ANY MATERIAL OR
EQUIPMENT WE HAVE SUPPLIED (OR MATERIAL PRODUCED FROM THAT)
IF THE COQPERATING PARTY DETONATES A NUCLEAR EXPLOSIVE

DEVICE OR TERMINATES GR ABROGATES IAEA SAFEGUARDS.

77 " THERE HAS REEN CONSIDERABLE CONFUSION AT HOME AND
ABROAD ON THE TIMETABLE FOR THESE RENEGOTIATIONS. THE AcT

DOES NOT SET A DEADLINE BY WHICH AGREEMENTS MUST BE RENEGOTIATED.
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NEVERTHELESS THE INTENT OF THE CONGRESS AND THE ADMINISTRATICN

IS THAT THIS PROGRAM BE CONCLUDED AS EXPEDITIOUSLY AS POSSIBLE,
THE PROGRAM 1S WELL UNDERWAY. WE HAVE INITIALED AN

AGREEMENT WITH AUSTRALIA, AND WE EXPECT THAT OTHERS WILL

- SOON FOLLOW, WE EXPECT THAT AS MORE AGREEMENTS ARE RENEGOTIATED,

OTHER STATES WILL BE MORE READY TO MOVE FORWARD, PARTICULARLY

'BECAUSE THE NEW CONDITIONS DO NOT GO VERY FAR BEYOND THOSE

ALREADY EXPLICIT OR UNDERSTOOD IN CURRENT AGREEMENTS,

.THESE ARE THE MAJOR PROVISIONS OF LAW WITHIN WHICH WE
PURSUE OUR NON-PROLIFERATION POLICY. WE BELIEVE THAT THIS
FRAMEWORK IS BROAD ENOUGH TO ALLOW US TO MAKE SOME ADJUSTMENTS
AND -COMPROMISES, SO THAT WE CAN REACH CONSENSUS WITH OTHER
GOVERNMENTS ON THE STRUCTURE OF‘THE NUCLEAR FUEL CYCLE.

[1. IHE_NUCLEAR FUEL CYCLE | |

[ WOULD LIKE NOW TO TURN TO SOME OF OUR THOUGHTS ON A
POSSIBLE FUTURE STRUCTURE OF THE NUCLEAR FUEL CYCLE AND HOW
WE COULD IMPLEMENT OUR LAW UNDER SUCH A REGIME, .

OUR OBJECTIVES, SIMPLY‘STATED, IS TO FIND ACCEPTABE
ARRANGEMENTS UNDER WHICH NUCLEAR POWER COULD BE EMPLOYED BY
ANY STATE TO MEET 1TS LEGITIMATE ENERGY.REQUIREMENTS WITHCUT.
INCREASING THE RISK OF NUCLEAR WEAPONS PROLIFERATION, THESE
ARRANGEMENTS MUST ALSC PROVIDE FOR SAFETY, ENVIRONMENTAL
PROTECTION AND REASONABLE ECONOMICS,
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IN TRYING TO DEVELOP SUCH ARRANGEMENTS, WE RECOGNIZE
"THAT WE HAVE NEITHER THE WISDOM TO FIND ALL THE ANSWERS NOR
THE ABILITY TO IMPOSE ANY SOLUTION ON THE INTERNATIONAL
COMMUNITY, 'THE PROLIFERATION PROBLEM CAN ONLY BE RESOLVED
IF ALL INVOLVED AND CONCERNED STATES COOPERATE. ANY NEW
ARRANGEMENTS WILL HAVE TO BE WIDELY ACCEPTED IF THEY ARE TO
SUCCEED IN GOVERNING THE DEVELOPMENT OF NUCLEAR ENERGY
_ THROUGH THE END OF THE CENTURY, WE DO NOT BELIEVE, HOWEVER,
THAT SUCH A CONSENSUS SHOULD BE BASED ON THE LEAST COMMON
DENOMINATOR AMONG MANY DIVERGENT VIEWS, AT THE SAME TIME,
WE ARE WILLING TO MAKE ADJUSTMENTS IN OUR OWN APPROACH TO
TAKE INTO ACCOUNT THE INTERESTS OF OTHERS, INCLUDING THE.
SPECIAL ENERGY PROBLEMS OF DEVELOPING COUNTRIES,

THE INTERNATIONAL NucLEAR FueL CycLe EvaLuation (INFCE)
WILL CONCLUDE 1TS WORK NEXT FEBRUARY. [T IS A CENTRAL PART
OF OUR EFFORT TO ACHIEVE AGREEMENT ON THE FUTURE TECHNICAL
AND INSTITUTIONAL STRUCTURE OF THE FUEL cYcLE, INFCE By
ITSELF WILL NOT SOLVE THE PROBLEMS WE FACE. BUT WE HOPE IT
WILL PROVIDE A COMMON TECHNICAL BASIS FOR NUCLEAR FUEL CYCLE
POLICIES, |

IN MOVING TOWARD THE concLusion ofF INFCE, WE HAVE HAD
SOME PRELIMINARY IDEAS ON HOW THE POSTrINFCE_FUEL CYCLE
MIGHT BE STRUCTURED., THE IDEAS WE SUGGEST ARE DESIGNED TO
BUILD UPON THE TWO CORNERSTONES OF THE PRESENT INTERNATIONAL
NON-PROLIFERATION REGIME: THE PCLITICAL COMMITMENTS CONTAINED
IN THE NPT, AND THE svs%EM_OF 1AEA saFecuarps, THE NPT anD
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[AEA SAFEGUARDS ARE AND MUST REMAIN THE FOUNDATION OF THE
CIVIL NUCLEAR FUEL CYCLE. ANY NEW. STRUCTURES SHOULD REINFORCE
AND NOT UNDERMINE THESE ESTABLISHED ARRANGEMENTS. HOWEVER,
WE ARE CONCERNED THAT THE NPT AnD CURRENT [AEA SAFEGUARDS

~ ALONE MAY NOT BE ADEQUATE TO MAINTAIN THE BARRIER BETWEEN

PEACEFUL AND NON-PEACEFUL USES OF NUCLEAR ENERGY, ESPECIALLY
IF SEPARATED PLUTONIUM OR OTHER WEAPONS~GRADE MATERIAL
ENTERS INTO WIDER USE, _

OUR TENTATIVE APPROACH IS EVOLUTIONARY IN TWO SENSES:
FIRST, IT ADDRESSES IMMEDIATE PROBLEMS INDIVIDUALLY, BUT
COULD LEAD EVENTUALLY TO A MORE COMPREHENSIVE REGIME,

SECOND, OUR APPROACH RECOGNIZES THAT ALL STATES WHICH MEET
BASIC NON-PROLIFERATICON CONDITIONS HAVE THE RIGHT TO DEVELOP
NUCLEAR ENERGY FOR PEACEFUL PURPOSES WITHQUT DISCRIMINATION,
AS STIPULATED IN THE NPT, AN EVOLUTIONARY APPROACH WOULD
ALLOW TIME TO DEVELOP TECHNICAL AND INSTITUTIONAL ARRANGEMENTS
TO HANDLE THE SPECIAL PROBLEMS AND RISKS ASSOCIATED WITH
WIDER USE OF PLUTONIUM AND WITH OTHER SENSITIVE ACTIVITIES.
NO NATION, DEVELOPED OR DEVELOPING, WOULD BE DEMIED ACCESS

ON AN EVOLUTIONARY BASIS TO BENEFITS RELATED TO ANY IMPORTANT
ASPECT OF THE NUCLEAR FUEL CYCLE, AS ENERGY REQUIREMENTS
INCREASE AND TECHNOLOGICAL AND INSTITUTIONAL ARRANGEMENTS

FOR PREVENTING PROLIFERATION ARE DEVELOPED, NEW FUEL CYCLES
CAN BE INTRODUCED IN A MANNER THAT 1S COMNSISTENT WITH BCTH
ENERGY REQUIREMENTS AND NON-PROLIFERATION CONCERNS,
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SPE"IFICALLY; WE THINK THAT THE FOLLOWING BASIC PRINCIPLES

SHOULD BE EXAMINED WITH CARE,

A SENSITIVE NUCLEAR FACILITIES

WE EXPECT THAT FOR BOTH NON- PROLIF:RATION AND ECONCOMIC

REASONS THERE SHOULD ONLY BE A LIMITED NUMBER OF URANIUM
ENRICHMENT FACILITIES, ALL OF WHICH SHOULD BE LARGE, AND
RELATED TO GLOBAL REQUIREMENTS FOR NUCLEAR EbERGY RATHER
THAN STRICTLY NATIONAL NEEDS _ '

FOR REPROCESSING FACILITIES, ADDITIONAL CAPACITY SHOULD

IN OUR JUDGMENT ALSO BE RELATED TO INTERNATIONAL CAPACITY

WE BELIEVE THAT REPROCESSING CAPACITY

AND REQUIREMENTS,
IT

SHOULD NOT BE DRIVEN BY SPENT FUEL MANAGEMENT NEEDS,
SHOULD RATHER BE LIMITED TO MEET PLUTONIUM NEEDS FOR BREEDER
AND ADVANCED REACTOR RESEARCH AND DEVELOPMENT, WITH EFFORTS
MADE TO MINIMIZE SEPARATION OF PLUTONIUM ABOVE THESE NEEDS.
IF PLUTONIUM IN EXCESS OF THIS AMOUNT IS SEPARATED, ITS
STORAGE UNDER INTERNATIONAL ARRANGEMENTS WOULD BE PREFERABLE
TO NATIONAL STORAGE, AN INTERNATIOMAL PLUTONIUM STORAGE .
REGIME, HOWEVER, SHOULD NOT IN ITSELF MAKE EARLY REPROCESSING

APPROPRIATE, _
WHEN NEW SENSITIVE FACILITIES ARE APPROPRIATE, WE

- BELIEVE THEY SHOULD INCORPORATE TECHNOLOGICIAL AND INSTITUTIONAL

BARRIERS TO PROLIFERATION,
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B, - PLUTONIUM LSE

[N OUR VIEW, PLUTONIUM USE FOR FAST REACTOR R&D wouLp
BE APPROPRIATE IN STATES WHERE ELECTRICAL GRID AND NUCLEAR
ENERGY REQUIREMENTS, TOGETHER WITH ECONOMIC AND RESOURCE

| CONSIDERATIONS, INDICATE THAT A SUBSTANTIAL NUMBER OF BREEDERS

MAKE SENSE FOR THE LONG TERM, HOWEVER, WE BELIEVE THAT
PLUTONIUM SHOULD NOT BE RECYLCED NOW IN LIGHT WATER REACTORS,
BECAUSE fHE EARLY WIDESPREAD PRESENCE OF PLUTONIUM FUELS
WOULD ENTAIL A SIGNIFICANT PﬁOLIFERATION RISK BY CVERWHELMING
OUR SAFEGUARDS AND INSTITUTIONAL MECHANISMS BEFORE THEY ARE
CAPABLE OF PROVIDING THE NECESSARY PROLIFERATION RESISTANCE,

THE ECONOMIC AND RESOURCE BENEFITS OF SUCH RECYCLE-- AT
LEAST IN THE NEAR TERM-- ARE PROBABLY MARGINAL AT BEST.

C. SPENT FUEL MANAGEMENT
HOWEVER FUEL CYCLE PLANS DEVELOP;VSUBSTANTEAL SPENT .

FUEL SHORTAGE CAPACITY WILL BE NEEDED FOR THE NEAR AND
MEDIUM TERM. MORE CAPACITY SHOULD BE INSTALLED AT REACTOR

SITES, AT AWAY-FROM~REACTOR STORAGE FACILITIES (AFRs), AT

EXISTING REPROCESSING PLANTS, AND UNDER INTERNATIONAL SPENT

FUEL STORAGE REGIMES. THE CARTER ADMIMISTRATION HAS RECENTLY

PROPOSED LEGISLATION TO DEAL WITH QUR DOMESTIC SPENT FUEL

PROBLEMS. [T PROVIDES THAT WE MAY ACCEPT LIMITED AMOUNTS OF
FOREIGN SPENT FUEL WHEN THIS SERVES NON-PROLIFERATION OBJECTIVES,

WE ARE ALSO GIVING MUCH THOUGHT TO POSSIBLE INTERNATIONAL

B AU S U ST S
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SPENT FUEL STORAGE CENTERS OUTSIDE OF THE CONTINENTAL UNITED
STATES, AND WE STRONGLY SuPPORT THE [AEA CONSULTATIVE
MEETING ON SPENT FUEL STCRAGE THAT WILL BE HELD IN JUNE.

- D EUEL ASSURANCES

VARIOUS FUEL ASSURANCES SHOULD BE PROVIDED FOR STATES -
COMMITTED TO NON-PROLIFERATION, RELIABILITY OF SUPPLY 1S
ESSENTIAL IF STATES ARE TO FOREGO NATIONAL ENRICHMENT AND
REPROCESSING FACILITIES., HE BELIEVE THAT NUCLEAR FUEL
SUPPLIES CAN BE ASSURED THROUGH A MULTIPLICITY OF DOMESTIC,
BILATERAL, AND INTERNATIONAL ARRANGEMENTS -= A FUEL BANK FOR
ONE -- SO THAT THE ECONOMIC COSTS AND PROLIFERATION RISKS OF
MANY INDEPENDENT FUEL CYCLES CAN BE AVOIDED.

To THE DEGREE THAT IN INTERNATIONAL CONSENSUS ALONG

THESE LINES EMERGES, OUR BILATERAL NUCLEAR EXPORT CONTROLS

WILL ASSUME LESS PROMINENCE, THESE BILATERAL CONTROLS WILL
OF COURSE REMAIN, BUT THEY WOULD THEN BE IMPLEMENTED IN A
MANNER CONSISTENT WITH AGREED NORMS,

[11. IMPLEMEWTATION OF U.S, LAW AND POLICY AFTFR INFCE

[ WOULD LIKE TO DISCUSS BRIEFLY HOW WE MIGHT IMPLEMENT
OUR LAW AND PoLICY IN THE post INFCE pProGRAM ON THE BASIS OF
THE NORMS [ MAVE DISCUSSED. '
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A. REPROCESSING AFPROVAL |

| EXPECT THAT SPENT FUEL STORAGE CONGESTION AND PRE-
EXISTING REPROCESSING CONTRACTS WILL CONTINUE TO INFLUENCE
OUR RESPONSE TO REQUESTS FOR THE REPROCESSING OF SPENT FUEL
SUBJECT TO US CONTROL, AS PROVIDED IN OUR LAWS, WE MUST BE
REASONABLY ASSURED THAT SUCH APPROVAL WILL NOT RESULT IN A
SIGNIFICANT INCREASE IN THE RISK OF PROLIFERATION., A BIG
ELEMENT IN THIS CONSIDERATION, OF COURSE, WILL BE THE
TIMELINESS OF THE WARNING PROVIDED TO MINIMIZE OPPORTUNITY
FOR SUCCESSFUL DIVERSION OF NUCLEAR MATERIALS INTO NUCLEAR.
EXPLOSIVES, [N ADDITION I BELIEVE THAT WE WOULD CONSIDER A
NUMBER OF FACTORS INCLUDING: (1) THE NON-PROLIFERATION
COMMITMENT OF BOTH THE STATE REQUESTING THE REPROCESSING AND
THE STATE WHERE THE REPROCESSING WOULD TAKE PLACE; (11) THE
TECHNICAL AND INSTITUTIONAL ARRANGEMENTS ASSOCIATED WITH THE
REPROCESSING FACILITY, INCLUDING SAFEGUARDS AND MULTINATIONAL
PARTICIPATION; (I11) THE NEED FOR REPROCESSING, INCLUDING
ALTERNATIVES AVAILABLE FOR THE DISPOSITION OF THE SPENT FUEL
AND THE INTENDED USE OF THE SEPARATED PLUTONIUM; (IV) THE
ADEQUACY OF PHYSICAL PROTECTION AND SAFEGUARDS ARRANGEMENTS
BOTH FOR THE SPENT FUEL PRIOR TO REPROCESSING AND FOR THE
SEPARATED PLUTONIUM; AND (V) ADEQUACY OF ARRANGEMENTS TO
ENSURE THAT THE US HAS THE RIGHT TO PRIGR APPROVAL OF ANY
RETURN OR RETRANSFER OF THE SEPARATED PLUTONIUM,

NONE OF THESE FACTORS ALONE WOULD DETERMINE WHETHER WE
COULD APPROVE A REGUEST. MNEITHER WOULD ALL OF THESE FACTORS
NECESSARILY HAVE TO BE POSITIVE. WE ALSO RECOGMIZE THAT OUR
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CURRENT. CASE~BY-CASE CONSIDERATION OF EACH REQUEST PLACES A

HEAVY BURDEN OF UNCERTAINTY AND DELAY ON BOTH REQUESTING AND

REPROCESSING STATES AND MAKES IT DIFFICULT FOR THEM TO

DEVELOP LONG TERM FUEL CYCLE PLANS, WE HOPE THAT WE CAN

REACH AGREEMENT WITH OUR COOPERATING PARTNERS_ONVTHE SITUATICNS
IN WHICH US APPRGVAL CAN BE EXPECTED ON A REGULAR AND ROUTINE

" BASIS,

B. .APPROVAL OF PLUTONTUM_ TRANSFERS
ONE OF THE FUNDAMENTAL ASPECTS OF THE US poLICY IS TO

ENSURE THAT PREMATURE COMMERCE IN SEPARATED PLUTONIUM IS
AVOIDED. | AM THEREFORE QUITE CERTAIN THAT WE WILL'CONTINUE

TO TAKE A VERY RESTRICTIVE APPROACH TO APPROVING THE TRANSFER

OR RETRANSFER OF PLUTONIUM SUBJECT TO OUR CONTROL, As 1

HAVE NOTED, HOWEVER, WE BELIEVE THAT THE USE OF PLUTONIUM

FOR BREEDER AND OTHER ADVANCED REACTOR R&D IS APPRGPRIATE IN
STATES WHERE PROJECTED ENERGY REQUIREMENTS INDICATE THE

POSSIBLE DEPLOYMENT OF SUBSTANTIAL NUMBERS OF SUCH REACTORS

FOR THE NEXT CENTURY, [F PLUTONIUM 1S REQUIRED FOR THESE
PURPOSES BY SUCH STATES, | BELIEVF THAT WE SHOULD-BElPREPARED

TO CONSIDER REQUESTS FOR PLUTONIUM TRANSFER IF OTHER AFPPROPRIATE
CRITERIA OF OUR LAW AND POLICY ARE MET, EVEN fN SUCH CASES, HOWEVEF

ADDITIONAL STEPS NEED TO BE TAKEN TO REDUCE THE RISKS INHERENT IN .
USE OF PLUTONIUM

C. TRANSEER oF S NSITIVE NUCLEAR FACILITIES AND TECHNOLOGY
[T IS CURRENT POLICY NOT TO TRANSFER URANIUM ENRICHMENT

OR REPROCESSING FACILITIES. IN ADDITION, AS | HAVE NOTED,

THE NON~PROLIFERATION ACT REQUIRES THAT WE TERMINATE COOPERATION
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WITH STATES THAT ENTER INTO AGREEMENT FOR THE TRANSFER OF
REPROCESSING EQUIPMENT, MATERIAL OR TECHNOLOGY TO A NON-
NUCLEAR WEAPON STATE, EXCEPT PURSUANT TO AN INTERNATIONAL
AGREEMENT OR UNDERSTANDING TO wHIcH THE US suBscripes.

- MOREOVER, AS RECENT DEVELOPMENTS IN PAKISTAN HAVE EMPHASIZED,
0uR FORETGN ASSISTANCE ACT REQUIRES GENERALLY THAT WE TERMINATE
AID UNDER THAT ACT TO STATES THAT TRANSFER OR RECEIVE ”
ENRICHMENT OR REPROCESSING EQUIPMENT, MATERIAL OR TECHNOLOGY,

e REMAIN CONCERNED ABOUT THE PREMATURE TRANSFER OF
SUCH FACILITIES AND TECHNGLOGY, AND | BELIEVE THAT RECENT
EVENTS INDICATE THAT THIS CONCERN IS JUSTIFIED, WE RECOGNIZE,
HOWEVER, THAT THERE MAY BE SITUATIONS IN THE FUTURE WHERE
SUCH TRANSFERS SHOULD BE CONSIDERED, THESE SITUATIONS MIGHT
INCLUDE: | | |

~--THE WORLD REQUIREMENT FOR ENRICHED URANIUM FOR
NUCLEAR POWER PROGRAMS OR FOR PLUTONIUM. FOR ADVANCED
REACTOR AND BREEDER R&D OR START-UP JUSTIFIED NEW
FACILITIES, |
--THE STATE OR STATES CONCERNED HAVE STRONG NON-

~ PROLIFERATION COMMITMENTS AND RECORDS,
--THERE 1S APPROPRIATE MULTINATIONAL INVOLVEMENT IN
THE FACILITY AS A DETERENT TO ABROGATION OF SAFEGUARDS .
ON OTHER MISUSE OF THE FACILITY,
~-SAFEGUARDS, ADEQUATE PHYSICAL PROTECTION, AND OTHER
TECHNICAL ARRANGEMENTS ARE INCORPORATED‘TO MINIMIZE
THE RISK OF DIVERSION OF MATERIAL AND SENSITIVE
TECHNOLOGY,
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[ SHOULD ADD THAT WE DO NOT EXPECT THE WORLD DEMAND FOR

EITHER ENRICHED URANLUM OR PLUTONIUM TO REQUIRE NEW FACILITIES
BEYOND THOSE CURRENTLY IN OPERATION THROUGH AT LEAST THE N
NEXT DECADE. WE DO NOT BELIEVE THAT ENERGY SECURITY REQUIRES
OTHER NEW NATIONAL SENSITIVE FACILITIES; RATHER, SECURITY
SHOULD BE SOUGHT THROUGH BILATERAL AND MULTILATERAL FUEL f
ASSURANCES AND INTERNATIONAL ARRANGEMENTS SUCH AS A FUEL
BANK, |

| WOULD LIKE TO MAKE A FEW FINAL POINTS., [ HAVE
FOCUSED ALMOST EXCLUSIVELY ON THE “RESTRAINT AND CONTROL”
ASPECTS OF US NON-PROLIFERATION LAW AND POLICY BECAUSE THEY
HAVE HAD THE MOST IMMEDIATE IMPACT AND HAVE PROVOKED THE
MOST CONTROVERSY. | DO NOT WISH TO LEAVE YOU WITH THE
IMPRESSION THAT WE BELIEVE PROLIFERATION CAN BE PREVENTED
SIMPLY BY CONTROLLING THE FLOW OF SENSITIVE NUCLEAR MATERIAL
AND EQUIPMENT, OR BY CREATING TECHNICAL AND OTHER BARRIERS
TO PROLIFERATION, INCLUDING SAFEGUARDS. OUR LAW AND POLICY
RECOGNIZE THAT TO DEAL EFFECTIVELY WITH PRBLIFERATION DANGERS
WE NEED A MUCH BROADER APPROACH, SUCH AN APPROACH MUST
ADDRESS THE POLITICAL AND SECURITY MOTIVIATIONS FOR STATES TO
ACQUIRE A NUCLEAR WEAPONS CAPABILITY AND IT MUST OFFER
INCENTIVES TO STATES TO FOREGO NATIONAL SENSITIVE FACILITIES,
BILATERAL AND MULTiLATERAL SECURITY GUARANTEES, THE NON-

PROLIFERATION TREATY, AND SUCCESSFUL CONcLuSioN oF SALT anD

CTB NEGOTIATIONS ARE ESSENTIAL ELEMENTS IN MEETING THESE
POLITICAL AND SECURITY CONCERNS,  SUPPLY ASSURANCES,
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INCLUDING INTERNATIONAL ARRANGEMENTS WITH SUPPLIER AND
RECIPIENT PARTICIPATION, CAN HELP DIMINISH INCENTIVES FOR
NATIONAL SENSITIVE FACILITIES. N
[ HAVE ALSO NOT SPOKEN TO OUR CONCERN OVER SAFETY. .

IN THE WAKE OF THE 3 MILE ISLAND INCIDENT IT IS IMPORTANT
THAT ALL OF US WHO SEE-A ROLE FOR NUCLEAR POWER WORK
TOGETHER TO MAKE NUCLEAR FACILITIES AS SAFE AS REASONABLY
POSSIBLE, WE HAVE BEEN ACTIVE IN THE [AEA’S WORK ON
REACTOR SAFETY, AND WE EXPECT TO WORK CLOSELY WITH EXPERTS
IN OTHER COUNTRIES IN THIS AREA,

| FINALLY [ wisH 7o EMFHASIZE THAT WE RECOGNIZE THE
ROLE OF NUCLEAR POWER IN THE ENERGY STRATEGIES OF MANY

' DEVELOPING COUNTRIES IS A MATTER OF SPECIAL INTEREST AND

CONCERN, WE WANT TO BE‘RESPQNSIVE TO THESE CONCERNS,
THE US 1s WORKING COLLABORATIVELY WITH A SMALL NUMBER OF
DEVELOPING NATIONS IN A PILOT EFFORT TO PROVIDE TECHNiCAL
AND ANALYTICAL EXPERTISE IN THIS AREA. THE PRODUCT OF
THESE STUDIES IS A JOINT’COMPREHENQIVE ENERGY ASSESSMENT
THAT WILL IMPROVE THE ABILITY OF A NATIONAL PLANNERS TO
DETERMINE ENERGY STRATEGIES THAT WILL MEET NATIONAL
DEVELOPMENT GOALS MOST EFFECTIVELY, INCLUDING APPROPRIATE
USE OF NUCLEAR ENERGY,

hEVERTHELESS WE BELIEVE THAT CONTROLS AND RESTRAINTS

ARE ESSENTIAL ELEMENTS IN PREVENTING PROLIFEQATION.- THESE
ELEMENTS CAN BE; AND MUST BE, IMPLEMENiED IN A WAY THAT
TAKES ACCOUNT OF THE NUCLEAR ENERGY REQUIREMENTS OF ALL
STATES., As [ Have INDICATED, WE HOPE THAT BOTH SUPPLIERS




AND REGIPIENTS CAN ACHIEVE TOGETHER A CONSENSUS ON THE
(APPROPRIATE BALANCE BETWEEN NUCLEAR FUEL CYCLE RESTRAINTS
AND CONTROLS, ON THE ONE HAND; AND ACCESS TO TECHNOLOGY,
MATERIAL, AND EQUIPMENT NECESSARY TO MEET ENERGY NEEDS

ON THE OTHER, THIS IS THE ESSENTIAL TASK WHICH ALL OF

US WHO SHARE A COMMON COMMITMENT TO NON-PROLIFERATION MUST
FACE, - WORKING TOGETHER IN A SPIRIT OF COOPERATION, I
BELIEVE THAT WE CAN ENSURE A GREATER AND MORE RESPONSIBLE
USE' OF NUCLEAR POWER WHILE AVOIDING PROLTFERATION OF NUCLEAR
WEAPONS, | | |
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The Multinationalization of Reprocessing and Enrichment: How

~and where?

Rudolf Rometsch

The idealists package of non—proliferétion measures contains
invariably thé-suggéstion to internationalize the sensitive parts
of the nuclear fuel cycle. They are generally recognised to be
primarily the enrichment of the isotope U-235 in uraniuﬁ and the
reprocessing of spént fuel, i.e. the chemical separation of

olutonium and U-233. Logically the further handling of the

special fissionable materials should be included.

Institutional Conditions

It is, however, rarely discussed how to construct an agreement

on which such_internationalization should he based,_an agreement'
without which the intetnatibnalization would have no effect -~
or even the wrong one - on preventing or limiting the possibili—_
ties of proliferation of nuclear weapons. The IAEA-study (1977)
on "Regional Fuel Cycle Centers" (RFCC) mentions several indirect
effects on meeting non-proliferation objectives and then formu-
lates carefully as a third advantage of an agreement for a RFCC .
that it "coulé define limitations on the c¢ther programmes,of“thé
participants that might ctherwise be detrimental to the non-pro-

liferation objectives of the RFCC" =

I consider it an essential pre-condition for making at all pos-

sible any kind of multinational industrial operation to define

clearly its institutional basis. Cnly an international understanf'

ding which cannot be doubted acain after a few vears
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woﬁld indﬁce industrialists to entérbinto a joint venture of any
importance. Therefore, an understand&ng on a nuclear fuel

cycle centre must contain all elements recognised'as effec-

tive in décreasing the risk of proliferation of nuclear wea-

pons and at the same time ensure the satisfaction of national

needs for nuclear energy development for peaceful purposes;

they are:’

1, Obligations to carry out guarantee that these fuel
defined fuel cycle steps but cycle steps will be carried
exclusively at the multi- ocut in accordance with par-
national plant. : ticipation in the total plant

: capacity. '

2. Cbligation not to accumu- ,
late special fissionable guarantee of availability of
material (s.f.m.} bevond but s.f.m. for use up in peace-
limits defined in accor- ful activity.
dance with accessibility .
for weapon's manufacture.

3. Complete access of IAEA no influence on manacement
to all vhases 0f con- ¢f plant operation other than
struction,operation angd ‘but auvtomatic conseqguences of agreed
storage for application non-access (s.previous para)
of safegquards. 7 to s.f.m.

4, Particular protection in automatic release of s.f.m. from
IAEA devosits of s:f.m. I2AEA-denosits for immediate ma-
exceeding the above men-' but nufacturing and use up for
tionned (Z.) intermediate peaceful purposes.

,3torace limits.,

5. Particular employment no discrimination between na-
conditions for operators tionals from states varty to the
as well as for inspectors but treaty on multinational fuel -
to ensure limitation of cycle coperations.

know how transfer.

These main and minimum elements would. have to be formulated as
obligations as well as guarantees in one or more treaties bétween_
the covernments of those states from which organisations or com-

panies want to take wart in the multinational industrial venture.




Further elements of inter—national arrangements, such as exter—
riteriality, licensing authority, custom tax exemption, could .
be dealt with in special subsidiary agreements with the host
state or with an internatibnal orﬁanisation playing its réle.

It can, of course, not be expected that all industrialized sta-
tes with substantial peaceful nuclear fuel cycle programmes -
would enter into such treaties as soon as they are negotiated.
However, e.g. half a dozen European states might form a first
nucleus. Eaéy possibilities to join the treaty (and Gdifficult

ones to leave it) should be established. The only acceptance

‘criterion for any state should be full scope safeguards, of the

same type as those accepted by parties to the non-proliferation

treaty, on its one territory.

RBagis for an Industrial Venture

Those parts of the nuclear fuel cycle which are considered for
multinationalization because of their key r&le with regard to non-~
broliferation have aiso a particular economnic characteristic:
They represent a high absolute investment threshold. This is nar-
ticularily pronounced for reprocessing installations and en-
richment plants based on gaseous diffusion, but less sb for cen-
trifuge enrichment facilities. It is due to the economics of
scale. A modern reprocessing plant e.g. should have a capacity

to satisfy a group of LWR-power stations totalling at least
30'000 MW(e) installed in order to yield a reaé%nable cost per

unit throughput at full load.

The trivial economic formulae relating capacity to unit cost of
service is of course in practice complicated by a number of fac-
tors. And some of them have changed considerably over the past
decade. To mention only a few: Safety and security reqguirements
have increased, release limits have been ﬁushed down, new waste
conditioning criteria have beeh introeduced, and so on - always

in the direction of increasing fixed as well as variable cost.

Together with the uncertainty about the influence of non-proli-



feration po%itics,and the problems'reiated to public acceptance
this has caused the investors in chemical industry to drop
quietely out of the business. The utilities can no longér ex-—
pect to be able soconer or latér to pick and choose from a

largely sufficient offer of services.

It seems that - I take again the European situation with regard
to reprocessing as an example - most European utility operatoré
are aware of this and are ready to organise self help. Extensive
réprocessing contracts have been concluded; down payments are 7
beeing made which are used for building new facilities. But con-
trary to different approaches with regard to enrichment there is
no direct participation neither of government organisations nor
of utility companies. On the other hand it appears that reproces-
sing capacities would become insufficient in the nineties. There-
'fore it is now time to start preparations if in additign to the
already decided reprocessing plants further facilities, for in-

stance an European back-end fuel cycle centre would be needed.

~

Sharing in the investment of a RFCC as a joint venture of utilities,

thus aguiring the right to use a corresponding share of its ca-
pacity, appears to be an attractive long-term solution. Not more

than 10% of the capital invested in the power—plants would have

to be invested in common fuel cycle facilities. Hence, a fundamen-

tal readiness of quite some utility companies to go for just that

type of investment - but alsc a fundamental reluctance to decide

for it as long as it seems not possible to stidk to a non-prolife-

ration understanding for more than some years. Assuming that‘the
latter uncertainty could be overcome by a treaty of the kind men-
tioned as an introduction the_practical problems would be compara-

tively easy to solve.

Sites and Site Arrangements

There are several siting possibilities, but the technical selection

for reprocessing centres is complicated by the local public accep-.

tance discussions. That is the reason for the not very original

oo




idea to look, for otherwise uninhabited islands. Such islands

are numerous, but usually at the wrong spot. TFor Eﬁropeans*an
interesting possibility has shown up as akresult of o0il drillings
on the continental shelf in the north sea. Several locations

were found where shallow waters and large salt domes under the
sea bed are combined. Using the Dutch technigue, proven e.g. at
the Delta works, it appears quite possible to build an artifi—
cial island, exactly at the right spot, with a view to co-locate
on it all stepé of the back end of the fuel cycle including the
final storage of solidified waste in the underlying salt forma-
tion. An.artificial island for other purposes is at present be-
ing built between the naturalrdutch islands. Preliminary studieS'
have shown that an artificial island for a RFCC would not add

prohibitive extra cost to the installation.

With regard to any site a particular arrangement between the
RFCC and the host country government would have to be concluded.
(For an artificial'island in international waters it might be
necessary to COnStrﬁét also an artificial host country). In that
respect the model used for the Eurochemic Company appears still
valid. It regulates the extent of exterritoriality, <larifies

the relations to health and safety and licensing authorities,
defines custom tax exemption and foresees other practical'arrange—
ments. Those models would be used again, but of course the essen-
tial error in the Euréchemic joint venture, not to provide for
the possibility of truly industrial economic oéération within

and independant .of the overlaying pclitical understanding should

not be repeated.

Stepwise Realization

Not all the five steps of a back end fuel cycle centre are needed
at the same time. Forecasts of the development of nuclear power
utilization in general and the developmeﬁt of the use up of the
produced plutonium (or U-233 or mixtures thereof) in particular

suggest stepwise realisation of such a centre. The overall lead:'.”
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time could well be around twenty years. But a good overall
planning should be established now and first steps should be

initiated along two separate lines of gction.

' The political line is related to INFCE results. The fundamental

elements for a pélitical:understanding between nations interes-
ted' in mﬁltinational fuel cycle operations are not my'invention.‘
They emerged in several INFCE discussions of institutional means
to assure non-proliferation. If those states having announced
rigid non-proliferation reéuirements as a condition of supply
would be able to-declare that these‘requireﬁents are automati-
cally fulfilled by states party to a fuel cycle centre treaty,

speedy conclusion of such a treaty appears quite possible.

The industrial line of action would then have a good starting
point. Constitution of a multinational company, establishment of
2 financing plan and a generalrtechnical project would take a few
vears. But it appears quite possible te realize the first step,

a central spent fuél*storage,at,the same locatiocn where‘later-on
reprocessing should take place, around 199G. It is certainly pre-

mature to discuss now the timing of further steps.

\

Conclusicons

A constructive approach to multinational operation of sensitive
parts in the nuclear fuel cycle offers a way out of disagreement
and contréversy on non-proliferation @olitics. To prevent or li-
mit the proliferation of nuclear weapons requifés a complex set
of understandings between people and between nations; it is a

gquestion of baiancing interests, not a gquestion of power equili-
brium; its basic element is co-operation between people. The co-
operative endeavour to achieve a multinational industrial ven-

ture goes certainly in the right direction.

4. Mai 1979
Rom/kt
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Exploring Nuclear Tutures: A Statement of the

Issues Regarding Nuclear Energy and Proliferation

ﬁuring the paét year I have chaired a series of meetings which have
brought together leaders from the American nuclear industry and uﬁilities,-
physical sclentists, geologists, economists, specialists in international
relations and government officials. These meetings have been intended to -
define the issues on.nuclear energy in its relation to the spread of the -
ability to make nuclear weapons, in particular those issues on which there :
have been serious differences of views. The attempt has been to try to
achieve a consensus on policy directions where possible but at least second-
order_agreemént, i.e. agreement on what the differences are. WNot surprisingly,
the latter has been less difficult to accomplish than the former.

What follows are excerpts from é report which summarizes the results
of the first phase of this effort. It is based on a two-week long meeting
lin August, 1978 and was prepared late in 1978. It therefore is fairly

current although it does not reflect new data or changes in viéws since

then.

X 0k Ok %k 0k % k& % %k % K X* % %

"The U.S. policies and proposed technical and institutional
initiatives which were particularly relevant for our effort include
the following: - - '
A 1. Support of the Non~Proliferation Treaty (NPT).
Z. Effort to limit the export of bonceptrated fissile matérialé
and of tecﬁnologies important for producing them, especially‘those-
for isotope separation and for chemical reprocessing of spent
fuel. 7
3. The decision in 1976, to defer commercialization of rgprﬁcéssing_l

of spent fuel, a decision as part of a strategy for discouraging
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.wide circulation of plutonium abroad"diso its reinforcement in 1977
and the related decision to slow dengOpmnnt of the fast hrecdgr.
4. The NMuclear Non-Proliferation Act of 1978 whlck will ultimately
' require, among other things, that U.S. exports of sensitive
-nuclear ﬁechnology and matérials be conditioned on the recipient's
willingness to accept full scope TAEA éafeguards on all relevant
ﬁuclear facilities and not to detonate a nuclear explosive device.

5. Suppert for improvements in TAEA safeguards.

6. Measures proposed to assure that fuel would be avallable to countfleq
operaLlng w1th1n the international syqtem to limit nuclear explosivcs
éccess in order to strengthen incentives for reliance on the inter-
national market for enrichment fuel instead of building national
isotope separation plants.

7. Proposals for helping to reduce the burden of spent fuel and its .
dangers as a source of nuclear explosive material by arrangements
for its safeguarded storage and removal at least from certain
countries. o

8. Proposals for developing and using fuel cycles that are resistantj
to diversion for weapong use.

Some members of the group agreed with the essentials of these polic1es. '
On Lhe other hand they have been subjected to various criticisms and some ‘
members of our group agreed with these criticisms. These include the following:
. 1. Growth in global energyrdemand will be so great as to daplete low :

cost oil, gas, and uranium resources in the next few decades. There
may be serious environmental obstacles to expanding coal production
greatly and, in any case, many countries do not have access to low
cost coal. Therefore, the breeder reactor may be needed on a
gizeable scale at the beginning of the 21lst century and developméﬁt
and demonstration are needed soon to have the option of installing
breeders when they may be needed.

2. Aside from global fuel depletion, maﬁy countries do not have the
energy endowment of the Unilted States and some are committed to
carly use of plutonium and especially the breeder in order to avoid
excessive encrgy dependéncc or insecurity. Moreover, the U.S. as
a major supplier of nuclear fuel services has not managed 1lts enrichment
business so as to generate confidence about its reliability aé-a_ |

supplier.

* The conduct that would result in termination of Nuclear Exports
ig prescribed in Sec.307 of the Act.
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-The example of a pnce-thrbugh,fuel cycle set by our self-imposed

limit on LWR reprocessing and FBR development will not significahtly
influence other nations. One reason is that we continue mllltary

reprocessung and stockpiling nuclear weapons; further, the danger

of proliferation is only fractionally increased by civilian

reprocessing facilities, Our pUllCY also increases dcpendence on

forelgn supplies of oil and uranlum (which destabilizes inter-

"national fuel markets and poses a risk to national securlty) On '

this view, the U.s, example will not be followed by other countries =

: unless they are lndependently persuaded of its merits for their

own situvations.

~

Deferring LWR reprocessing and FBR development is unlikely to reduce

',proleeratlon dangers SLgnlfiCantly because these actxv1t1es do not

provide the most ready paths to nuclear weapon development although

they contribute to a nation's nuclear expertlse and 1nd1rect1y to -

the risk of weapons proliferation.

Several of the Adminisfration's non-proliferation related actions
have hindered the cxpansion of nuclear power capacity at home,
injured U.S. nucleer sales abroad and weakened U.S5. leadership in

energy technology and policy. Further, Our policy may lead other i’

"countries to take actions which would increase proliferation risks.-A -

related criticism often voiced abroad is that U.S. actions have been

in violation of Article IV of the NPT,

Variations in degrees of industrialization and in ties to the U.S.

need to be more explicitly reflected in non-proliferation policy,
International institutions and arrangements which take account of
this diversity nced to be developed for the management of sensitive
technologics and materials. ' .

The barrier to petting nuclear explosive materials prosented by

radiation in spent fuel in once- through systems (or radiation that

might be added to fresh fuel) is uncertain but probably small and

certainly diminishing. The carcfully controlled recycle of plutonium

would be prcfcrable to the indefinite storage of spent fuel and -

would simplify vagte digposal. Moreover, the spread of COmpctencé

in nuclear technology, including the further development and
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spread of isotople geparation technologies, will case the paths to

nuclear explosive materials. Choemical reprocessing techimology is

gencerally well known already,

In contrast, fresh plutonfium fuel can be piven substantial proteption'

by the introduction of a radiation bharrier, as for insﬁancc in the

- CIVEX proposals.

Existing institutions and agrccmcnts such as the TAFA gafepuard
system and the NPT are the odly real basis for dealing with -
diversion of nuclear explosive materlals. ‘These exigtling Inter-
national ihstitﬁtions and agreements need strengthéning_ag opposcd
to the U}S? taking unilateral actions or the creation of new

institutions.

Other members of the group disagreéd'with some or all of these points.

It could hardly be expected that a two week summer study could resolve

these issues. It did, however, cause some of the differcnces to be reformulated

and sharpened., .There are, in addition. Some questions which cut across

.the scope of

the two panels or which were dilscussed separatelv.

A point of great importance that surfaced in scveral different contexts

* is the fludity that seems to exist with regard to the future actions of many

governments.,

Many changes have taken place in the non-proliferacion policies '

of several countries in rTecent years, most obviously in the United States

but alse in

a number of other countries. These include the decislons by

France and Germany nob to export reprocessing technolegy; Germany has said that

it will make no more "Brazilian' deals (at least until the INFCE review is

completeﬂ);

and we understand that France has under review the question of-

restraints that might be imposed on the export of plutonium, Moreover,

we were told that plans for

"sensitive facilities" have been suspended in

several countries, and that many more countries are in compliance with the terms

of the U.S.

Nuclear Non-Proliferation Act than would have been the case in the

. . - *
absence of the push provided by the U.S5. and other supplier countries,

Perhaps a central observation is that there are large uncertalnties of

several kinds including technolopgical (e.g., the proliferation resistance of

once-through cycles or the effectiveness of CIVEX-type radiation barriers

relative to

the barriers in once-through systems), economic (e.g., energy

wThe term "sensitive facilities'" as used in this report refers to those
parts of a fuel cycle which provide relatively easy production of, or access to,
nuclear explosive materials, such as enrichment plants, fuel reprocessing plants,
and fuel manufacturing plants, "Sensitive materials' are the products of these

plants, nucl
to.auch cong
"sensitive."
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entrated fissile material, Power reactors are not defined as
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'demandé and costs early in the 2ist century), political (c.g., how.cnduring
might aniinterhational non-~preliferation regime be.based on such a distinction
as that between “stable" and "non-stable” states), It clearly will take time--
in some instances a long tiﬁe—~to narrow.greatiy_or eliminate many of these
uncertainties; some can never be climinated. It is this perception that underlies.
U.s. non-pfﬁliferation strategy for deferring possibly irreversible commitment’
to courses of action seen as dangerous, especially where the costs of deferral
are judged to be low, ' -
' An important ekample of how uncertainty affects non-proliferation
strategy concerns the stance we should take on deveioping international
. inétitutions:for the management of sensitive facilities and materials. At
present there are only a few reprocessing and enrichment facilities in
non-weapon states. These exist and somehow must be dealt with. in the view
of some participants, several major countries are on the path to reprocessing
and U.S5. initiatives for international management would be a constractive
step to reducing future access to weapons material, a step taken when national
‘systems are not so industrially embedded as to inhibit irnternational arrange-
‘ments among the major powers. A different view is that firm predictions that
‘their number will grow greatly in the rext few decades are not warranted in-
light of the changes in perceﬁtionrthat‘are taking place in many coun;ries. 1
Widespread deployment of the breeder, even in industrial:countrieé, is not an
imminent prospect. The problem, which is described more fuily in the Institutional
Panel report, is that to the extent sensitive facilities are not limited to
weapon states we would like to see them under some form of international control.
Yet to move towards building institutions for their regional or global
management assumes the alternative is the wide spread of sensitive national
faéilities, an assumption which is questiovned. Moreover, U.S. initiatives,
for example, for the international management of plutonium recycle, would, -
in the view of some, be perceiﬁed as U.S. weakening of opposition to early
and widespread reprocessing and. plutonium circulation and would strengtheﬁ
moves by other countries towards undertaking these actlvities nationally, Iﬁ
any case, what is meant by internationmal "management" of reprocessing and
‘plutonium and what would be achieved remains to be described. The_repoft
of the Institutional Panel [not included in these excerpts) suggestg_thgg_
any U.S5. proposals to study such institutional arranpgements at the leaét<JJ‘

should make evident their risks and uncertainties as well as their potential

henefits.
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- There is‘alsona good deal of uncertainty on future growth in energy 
use around the world, the growth in electricity demand, and especially, .
nuclear electricity demand. For the United States, an analysis was presented
to. . the group whicﬁ showed that the range of energy demand prospects:, e
for the year 2000 is large but that the spreed is'significéptly below earlier
estimaﬁes.‘ Proepective U.S. energy consumption is important because we have
e'large impact on world energy markets and can affect the date when theL'
commercial use of pldtonium might—become comﬁetitive with alternatives; be-
gides, U.S, technology chéices have an influence bﬁ the rest of the world.‘
Although electricity demand was not explicitly modeled in this study, the
results raised questions about U,S, energy demand rising so rapidly as to -
require early breeder introduction., Low growth in energy demand is, ef
course, compatible with a nigher growth in eleetricity demand and subh 
growth 1s expected (although we were also told that industry estimates of
future electricity growth are being lowered). This lowered range is also
compatible with a disprcportionate growth in nuclear as compared with coal
! o _ technology by the year 2000 and beyond, perhaps ‘as the result of tightened
| environmental standards con all aspects of the coal cycle. -

@ o - Because:evidence on.consumer response to changing real energy prices
. is eccumulating rapidly, and also because of significant changes in economic -
growth forecasts, we believe that more comprehensive\energy demand modeling
effort with projections'to the year 2000 and beyond is necded for the U.S,
and for tne world, Nuclear capacity projections for the year 2020 submitted
in INFCE Working Group 1 span an unrealistically narrow range (2600 -~ 2800
GWe) and in the view of some parﬁicipants are too high; a competent analysis
which reflected the real uncertainty that exists should show widervariation
in installed nuclear capacity. In making this suggestion, we appreciate the
adviece that nuclear capacitylestimates submitted in INFCE are likely to be
highly politically determined. Nonetheless, we see valﬁe in preparimg and
submitted technically competent analyses in INFCE which reflect the raege
of energy demands on the basis of existing information. Whatever thedlr:
utility im INFCE, there will be other settings in which such analyses will
be useful, .
In an exercise, we explored the sen81L1v1ty of choices among nuclear
technologles to variations in several key parameter values. This exercise
lends -support to the proposition that the uncertainties call for an R&D

strategy which is sequential in character and which contains hedges, The
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'réport of-the Technology Panel [not 1ur1udcdj descrlbes an R&D %tratcr; which

' includes the development of a numbcr of technical opLLonq. :
 Arother issue which came up in gseveral conLcrLs is the relationship

‘between estimates of various paramcters and valucs that should he assumed-

for purposes of "

prudent planning.'" What is prudent in one context 55y be
imprudent in others. Tor instance, to those who have a responsibility of v
providing for energy-needs, {t seems prudent te insist on high confidence
in uranium supply availdbility However, such ”prudence” in uranium supply
estimates enhances the incentive for plutonlum recycle and the breeder,
and to the extent that this eases the path to weapons matcrial acquLSLtlon
.such a procedure may be far from prudent in a larger context. We ﬁropose
no formula for avoiding imprudence but simply urge that forecasters and
planners be sensitive to this poilnt. -
This peoint was underscored by a presentation on world urantum reéources.‘-
Using several estimation methods, all highly speculative, the range of resources
in the under $50 per pound (1978 dollars) was 13 to 32 million tons of U,0,.
If the low end of this range is valid, uranium resources appear likely to
be able to meet demands into the sccond quarter of the 2lst century. If so,
{he major remaining uncertainty, emphasized by several participants, is
tﬁe‘fate of discovery and development of this resource base. Especisally [
© «. Af nuclear demand is relatively high, the constraint on produétion-could be
binding, (Even with an adcqhate apgpregate plobal uranium supbly,'some ' -
governments. could have concern about its distribution and about reliabiiity
.0f their access to this subplyj) This discussion highlighted the value of
obtaining and deQQminating information on world uranium resources. |
Although our efforts were largely concentrated on INFCE and NASAP .
materlalu, we became awarc of the need to explore many of the 1ssues é; A |
discussed more deeply for the purposes of bilateral discussions as well
as for INFCE purposes. This waé true, for example, on the.subject of the
different cycles, A good deal of discussion-took place during the Study
on this topic which is not covered in this report, However, an importantl
issue desexves comment. It was proposed that the relevant costs of a.puclear
weapon program are not the total costs of starting from scratch but those
incremental to an ongoing civillan ndclcar (research or power) program. Such programs

inevitably contribute to a nation's nuclear competency; morecover, some

fuel ecycles arc much c¢loser to weapons than others. The proposition was
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advanced that, at least for purpoéeé of amalysis, different fuel cycleé

should be madé as nearly‘equivalent as possible in terms of proliferation
resistance and that the costs of the required‘measures berincluded in tﬁe-
evaluation of each cycle. This would take as a benchmark of protection

spent fuel of given vintage (say five years) and have fresh fuel designéd_to
provide a comparable barrier. (The CIVEX proposal is based on a similar
concept.) It woﬂld be an-exaggeration to report that there was a consensus

on the utility of this "benchmark,” 1In any case, there are practical

problems both in measuring diversion resistance for different cycles and _ 5

in estimating costs df.protection.' The principal issue discussed is the

llikely efficacy of the barriers of radiation and of isotopic separatioﬁ.

Some hold that the radiation barrier in sﬁent fuel is adequate. Others hold

that its adequacy is uncertain but that it is substantial. Differences

also exist with regard to the radiation barrier in fresh fuel with some -

'holding'that the barrier can be made substantial and others disagreeiﬁg.

However, if the radiation barrier'iﬁ‘spent fuel, say at five years, is inadequate,
there is the possibility of earlier removal. (This assumes that there is a
radiation level high enough to be a significant barrier to reprocessing but
low enough to permit removal of spent fuel from nationmal centrel; but as a

i
practical matter large quantities of spent fuel will remain stored in reactor

‘pools for a iong time to come.,} It was also suggested that tighter inter-

national controls over fresh fuel might be needed if plutonium is used as

fuel or if the isotopic barrier is .seriously eroded, an‘arrangement that may
conflict with security of fuel supply objectives that many governments have.
if, everything talken into account, barriers do not promise much protectidn
(except against diversion by subnational groups), some participants questioned
the utility of intermational safeguards and of international fuel service
centers, and at least one questioned the use of nuclear power, In shoret,

the subject of proliferation resistance measures is a topic which the
Study may have helped to clarify but not to settle.

The-perception of large uncertainties, the 1ong‘lead time needed to
resolve them, and the need for hedges was generally accepted by the participants’
but with divergent interpretation for U.S. policy. Without attempting to
didentify schools of thought more sharply than is warranted, perhaps three
can be identified. One group was generally supportive of the Administration's
position that the international risks outweighed the ones to the domestié
energy:secfor, which were secen to be small. Once-through operations and

similar limitations together with changes in international nuclear agreements

ST M O T e



9

may not be demopstrably safe from diversion, but théy are safer than alternatives
avai}able. This grodp emphasizes the changes that have occurred to limit |
the spread of sensitive technologies and judges that more changes are likely.
Some suspect that in the/%ﬁ%%&%g %g limit the perceived risks of military

use that the future of civilAnuclear power will be in doubt. It sees merit

in international arrangements to reducg incentives for having access to nuclear
explosive materiais (e.g., through spent fuel storage arrangements and fuel
assurances) or making access more difficult (e.g., through export controls);
it recognizes that something must be done about the existing sensitive
facilities in non-weapon states'but does not favor action that will iegitimafé
‘the Spread of plutonium‘or of reprocessing technology (e.g., throughrmulti-
national reprocessing plants). ' -

' A seéond view concentrates on the need to move ahead now to make -
international arrangements for managing existing sensitive facilities and

for developing institutions to function when and if breeders are operating
commercially., It would consider international arrangements for the operation
of commercial feprocessing facilitiesrboth in non-weapon and weapon states
sufficient to provide plutonium for breeder R& and demonstration plants,
safeguafded international storage of any "excess" plutonium stocks, and
intérnational arrangements for the operation of various aspects of a future
commercial breeder fuel eycle.. However,‘this group would discourage recycling’
of plutonium in dispefsed thermal reactors. Members of this group are not

of one mind as to whether breeders will ever become commércially'importént
but they give weight to the importance of c¢reating an international framework .
within which some non-major states can participate in developing and using
this technology whatever its ultimate commercial fate.

Just as thoée in the first group have to deal with oﬁposition abroad

to the U.S. position on deferring commercial recycling and to the existence

of sensitive facilities in a number of non-weapon states, members of the
second group need to show how internationalizing plutonium mangement for

the breeder, which is not a near term commercial prospect, will help or

how it will deal with the dangers of easier access to explosive materials,

Our study did not proceed to the point of discussing specific proposals for
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plutonium management (nor parallel proposals that might Le advanced on

isotopic separation facilities management)s , o

A third group focuses more on energy supply uncertainties and favors

moving ahead .with thermal recyele and ecarly crecation of a breéder option. .

It sees speﬁt‘fuel’as prbsenting a danger with a diminisﬁing radiation barrier
and the spent fuel storage problem as unlikely to be resolved soon, It holds
that spent fuel is an iﬁpediment to the gfowth df nuclear power and is likely
to lead a number of nations to opt for thermal recycle. Such a choice would
have a smali impact economicaily but the consequent reduction in uranium |
éonsumption wlill be valﬁed by a number of governments. Such a strategy

‘ would ease the transition to a more efficient breeder system; also one betfer.

designed to manage. proliferation risks. 7This grqﬁp would place the bu;dén

- ef limlting the acquisition of nuclcar weapons on the worklng of inter-

national diplomacy. This group has to grapple with the hﬂplicution_of cagier '
aéccss toAnuclcur expiosivc materigals throughout the world, a situation which'
may proﬁe beyond the capabilities of diplomacy; it therefore cannot escape

the question as to whether practical and substantial barriers to diversion can

be devised and win wide acceptance. : : ' L

In all of this, one point was evident. The éhoices arc not between

Minstitutional" or "technicul" measures, but a combination of the two that

| seeks to harness marketplace and'political incentives so as to minimize risks.

; Contained within these differing views there are a number of concrete

\ iésués: thu prospects for energy demand growth and supplies in the U.S. and.

‘ ‘abroad, the firmness of the commitmeﬁf of various governments to the acquisition
of sensitive facilitics, how the prospective international reprocessors,
especially Britain and France, are going to mahugc their plutonium cxport
businesses, the proliferation résistance of various fuel'cyclcs, and the
boésibility of implementing an international spent fucl managoement systom,

anmonyg others.
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Finaily, I would like to add a few comments on developments sincé'
‘the above was written.. The following list édmittedly somewhat selective and
incomplete (e.g. it excludes the impact of the troubles at the Three
Mile Island reactor). First, the recent public revelations concerning
efforts by Pakistan to acquire enrichment technology'— and to do so from
Western firms - provides additional data for consideration on the
relation between civilian and military uses of nuclear energy. Second,
projections of installed nuclear capacity continue to decline; it now
: appeérs that instaiigd nuclear capacity in the world outside COmmﬁnist
areas will be no more than about 200 GWe 1n 1985 and 300 GWe in 1990.
(There is a good deal more uncertainty for 2000 but my estimate of the mﬁst
likely level is around 600 GWe - a level well below the INFCE low}.
Third, large discoveries of uranium continue to be made, most recently iﬁ
Caqadé. The findiugs of the International Uranium Evaluation Program are
éupportive qf the anaiysis‘presenﬁed in the excerpts above to the effect
that supplies of relatively inexpensive uranium are likely to be avallable
well into the 21st century - in abundance great enough to support once-
through systems.. Fourth, interesting progress is being made in reactor
ltechnology, both through incremental improvements to increase the fuel
efficiency of LWRs and through potentially more radical innovations. I
am thinking in parﬁicular of the Fast Mixed Spectrum Reactor concept
which has been devised by Herbert Kouts and others at Brookhaven Laboratory.
' The upshot of these recent developments is to provide support to
_the proposition that, although the case for moving ahead with nuclear energy
remains strong in many situations, the case for deciding now to adopt
the most dangerous form of this technology has been weakened. The method
of decision that is most applicable in today's world, given the uncertainties
. that we all face, is a sequential one, one which allows for changeé as

additional information is acquired.
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Das Konzept der deutschen
Elektrizitétswirtschaft fir die
Entsorgung der Kernkraftwerke*

Carsten Salander**

The concept of the German electric

power industry for the disposal of

spent fuel from nuclear power plants*

Deutsche Geselischeft for Wiederaufarbeilung ven Kernbrennstoffen mbH [DWK], Hannover

Abstract

The following report describes the German concept for the disposal of spent
nuclear fuel elements. The Deuvische Gesellschoft fiir Wiederouferbeitung von
Kerrbrennstoffen [DWK) was founded by German ulilities to realize the project,

1. Historische Entwicklung

Urspriinglich sollte die Wiederaufarbeitung von abgebrannten
Brennelementen nicht in den Aufgabenbereich der Elektrizitéts-
wirtschaft fallen, denn die chemische Indusirie hotie diesen
chemischen Proze8 zundchst bernommen und die Entwick-
lungsarbeiten hierfir mit finanzieller Unterstitzung der Bundes-
regierung begonnen. Deshalb soll der Erlauterung des Entsor-
gungskonzeptes hier vorangestelll werden, wie es dazu kam,
dafl sich die Elektrizititswirtschaft der ihr in seinem wesentli-
chen Bestandteil, ndmlich dem chemischen Prozefl der Wieder-
aufarbeitung, wesensfremden Aufgabe angenommen hat. Dazu
ist ein Rickblick bis in das Jahr 1970 erforderlich.

1970 waren in der Bundesrepublik Deuischiond die Leichtwas-
ser-Kernkraftwerke Kahl, Grundremmingen, Obrigheim und Lin-
gen mit einer elektrischen NeMo-Leistung von 725 MW in Be-
trieb, und der jahrliche Anfall an abgebrannten Brennelementen
aus diesen Kraftwerken betrug etwa 30 1. Eine Uber die Gesall-
schaft fir Kernforschung {GfK) vom Bundesministerium fiir For-
schung und Technologie (BMFT) finanzierte und nach amerika-
nischen Vorbildern geplante und errichtete Wiederaufarbei-
tungsanlage mit 40 t Jahreskapazitat - die WAK in Karlsruhe
— stand damals kurz vor der Inbetriebnohme. Betreiber der WAK
war die Gesellschoft fir Wiederaufarbeitung von Kernbrenn-
stoffen mbH (GWK]), gegriindet von den Chemieunternehmen
Bayer und Hoechst sowie Gelsenberg und Nukem.

In GroB3britannien wurde die Aufarbeitungsanlage in Windsca-
le, die bis dahin nur fir Magnox-Brennelemente ausgelegt war,
durch ein zuséitzliches neues Headend (Eingangsteil) modifiziert,
um in der ersten Ausbeustufe auch 400 1/a LWR-Brennelemente
verarbeiten zv kénnen. In Frankreich waren damals gerade die
Umbauarbeiten an der zunachst fir die Wiederaufarbeitung von
Gas-Graphit-Brennelementen ausgelegten Anloge bei La Ha-
gue in Gang, um fir die Wiederaufarbeitung von LWR-Brenn-
elementen eine Kapazitat von 800 /a zv schaffen.

Gleichzeitiy begannen die Plunungsarbeiten fir eine grofie
deutsche 1400-t/a-Anlage, basierend auf den Erfabrungen mit
der WAK. Diese Anlage sollte das Kernstick eines vom BMFT
entworfenen integrierten Entsorgungskonzeptes werden.

Diese drei europdischen Lénder entschlossen sich, ihre Planun-
gen zukinftig so zu koordinieren, daf3 es nicht zu den domals
befirchteten Uberkapazildten kommen sollte. Deshalb wurde
1971 die United Reprocessors GmbH (URG) gegriindet, deren
Gesellschafteranteile zu je einem Drittel von der englischen
British Nuclear Fuels Lid, (BNFL), dem franzésischen Commissa-
riat & I'Energie Afomigue (CEA) und der deutschen Kernbrenn-
stoff-Wiederaufarbeifungsgesellschaft mbH (KEWA) gehalten
werden, .

* Uberarbeitete Fassung eines Vortrags, gehalten am 19, 10.1977 bei der
KEST, Hamburg, und am 20. 10. 1977 im Hous der Technik, Essen.

**Dr. Carsten Sclander, Vorstandsmitglied der Deutschen Gesellschaft for
Wiederaufarbeitung von Kernbrennstoffen (DWK], Binteweg 2, D-3000 Hanno-
ver 71

which was originally initiated by the Federal Government as an integrated
Centre for the Disposal of Spent Fuel. In this centre all installations, fuel element
storage, reprocessing, re-use of uranium and plutonium, and final storage of
wastes, are concentrated ot one site. !

1. Historical background

Originally, the reprocessing of spent nuclear fuel assemblies
was not intended to fall into the ambit of the electric power
industry at all, because the chemical industry had taken up this
chemical process and had started development work in this field
with the financial support of the Federal Government. Before
discussing the current waste disposal concept, which is the
actual subject of this paper, it is therefore necessary first to
describe how it came about that the electric power indusiry tock
over this task enfailing as its major component the chemical
reprocessing which essentially belongs within the competence of
an altogether different industry. For this historic review it is
necessary to go back to the year 1970.

In 1970 in the Federal Republic of Germany there were in
operation the nuclear power stations at Kahl, Gundremmingen,
OCbrigheim ond Lingen, alt with light water reactors (LWR} and
with an aggregote net electric power rating 725 MW. The fotal
generation of spent fuel ossemblies by these power plants
amounted to about 30 t per year. At that time the fuel repro-
cessing plant in Karlsruhe {(WAK), with o reprocessing capacity
of 40 {/a, had already been built and was due to be commis-
sioned shortly. The WAK had been financed by the Federal
Ministry for Research and Technology (BMFT) through the Soci-
ety for Nuclear Research (GiK), and had been planned and built
following American prototypes. The Operator of the WAK was
the Company for the Reprocessing of Nuclear Fuels (GWK)
which had been founded |ointly by the chemical companies
Bayer ond Hoechst with the participation of Gelsenberg and
Nukem,

In Britain in those days the fuel reprocessing plant at Windscale,
originally designed only for Magnox fuel assemblies, was being
modified by the addition of o new head end to enable i, in the
first extension phose, to process an additional quantity of
4001/a of LWR fuel assemblies. In France construction work was
in progress at the reprocessing plant ot La Hague, originally
designed for the reprocessing of gas-cooled graphite fuel
elements, to enable this plant to process an additional quantity
of 800 t/a of LWR fuel assemblies. In Germany at the same time

~ planning work was in progress on a 1400 t/a plant, bosed on

the experience gained at the WAK, This plant was infended to
form the core of an integrated waste disposal concept formu-

Jlated by the BMFT.

These three European countries decided to coordinate their
future planning so os to avoid excess capacifies which seemed
likely at that time. In pursuit of this aim the United Reprocessors
Ltd. (URG) was founded in 1971, with joint participation in
equal shares by the British Nuclear Fue/s Lid. (BNFL), the French
Commissariat & I'Energie Atomique (CEA) and the German
Kernbrennstoff-Wiederaufarbeitungsgesellschaft mbH (KEWA).

* Revised version of o paper read on 19.10.1977 ot KEST in Hamburg and on
20.10.1977 in the House of Technology in Essen
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Die Aufgabe der URG bestand einerseits in der Abwicklung der
Wiederaufarbeitungsvertrige mit den Kraftwerksbelreibern und
andererseits in der Vermittlung des Know-how zwischen den
drei Gesellschaftern, die die URG auch als Instrument benutz-
ten, um die Errichtung der geplanten Wiederaufarbeitungsanla-
gen zu koordinieren. .

In den folgenden Jahren énderte sich jedoch die Sachlage.

Das neu konzipierte Headend der britischen Anlage in Wind-
scale mufite 1973 als Folge einer Stdrung stillgelegt werden;
damit war das Experiment, ein modernes Eingangsteil fijr hoch-
abgebrannte LWR-Brennelemente einer élteren Anlage vorzu-
schalten, fehlgeschlagen.

Die Umbauarbeiten fir die Verarbeitung von abgebrannten
LWR-Brennelementen in der franzdsischen Anlage verzégerten
sich derart, daf} erst 1974 die erste Charge mit 15 t EWR-Brenn-
elementen aus dem schweizerischen Kernkroftwerk Mihleberg
avfgearbeitet werden konnte.

Die Planungsarbeiten fir die deutsche groftechnische Wieder-
aufarbeitungsanlage lieflen statt der urspriinglich geschétzten
500 Mio. DM durch die zwischenzeitlich im Bereich der Kern-
technik stark erh&hten Kosten und Sicherheitsanforderungen
eine Investitionssumme von weit ber 2 Mrd. DM erwarten, so
dof} eine Reniabilitét des Wiederaufarbeitungsprozesses in dem
Sinne, daf} die Kosten fir das Verfahren niedriger als die durch
Plutonium -und Uran erzielbaren Rickvergiitungen sein wirden,
nicht mehr erwartet werden kennte.

Diese Entwicklung hatte zwei Folgen: Einmal wurde aus der
erwarteten Uberkapazitdt ein Mangel an Aufarbeitungskapazi-
tét; zum anderen verlor die bei der KEWA bislang engogierte
chemische Industrie aufgrund der Kostenentwicklung das unter-
nehmerische Interesse an der Wiederaufarbeitung, zumal auch
die Bundesregierung zu erkennen gab, daf sie zu einer Finan-
zierung der Wiederaufarbeitung noch dem Modell der Anrei-
cherung nicht bereit sein wijrde.

Somit mufite die Elekirizitdtswirtschaft, um die Entsorgung und
den Betrieb ihrer Kernkraftwerke sicherzustellen, die Finanzie-
rung und Durchfihrung des Projektes im Sinne des inzwischen
vielzitierten Verursacherprinzips Ubernehmen. Zu diesem Zweck
wurde 1975 die Projekigeselischaft Wiederaufarbeitung von
Kernbrennstoffen [PWK) durch 12 deutsche Elektrizitétsversor-
gungsunternehmen [EVU) gegriindet. Das satzungsgeméfie Un-
ternehmensziel der PWK war die Schaffung der technischen,
wirtschafilichen und rechtlichen Voraussetzungen fir die Errich-
tung und den spéteren Betrieb einer groBen deutschen Wieder-
aufarbeitungsanlage, und die erste diesem Ziel dienende unter-
nehmerische Aktion war der AbschluBl eines Verrages mit der
KEWA iiber die Ausarbeitung eines Vorprojektes fir das Entsor-

gungszentrum auf der Basis der bereils angefertigten Konzept-

studie. Den gréfiten Umfang der Arbeiten der PWK nahm jedoch
die Vorbereitung des fiir die Einleitung eines Genehmigungsver-
fahrens erforderlichen Sicherheitsberichtes ein, wofir eine Reihe
von Planungsaufirdgen parallel zu dem Vorprojektaufirag erteilt
wurden.

2. Avfgabe und Struktur der DWK

Schon in der Phase der Erstellung des oben genannten Sicher-
heitsberichtes sowie auch im Zuge der den Vorprojektaufirag an
KEWA begleitenden Arbeiten stellte sich heraus, dafl die organi-
satorische Form einer — teilweise sogar nur nebenamtlich
- koordinierenden Projektgesellschaft fiir die endgiiltige Reali-
‘sierung eines so grofien Zieles wie des deutschen Enisorgungs-
zentrums nicht ausreichen wirde. Durch. Beschlu ihrer Gesell-
schafterversammlung wurde deshalb am 28.2.1977 die PWK in
die Deutsche Gesellschaft fir Wiederaufarbeitung von Kern-
brennstoffen mbH (DWK) umgewondelt und ihr Gesellschafts-
kapital auf 100 Mio. DM erhaht.
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The main intended functions of the URG were, firsily to coordi-
nate the flow of reprocessing contracts with the operators of
nuclear pewer plants and, secondly, to ensure an interchange of
know-how between the three founder members who were also
using the URG as an instrument for coordinating the construc-
tion of planned reprocessing plants.

In the next few years, however, the situation changed in several
respects. ’

In Britain, the newly designed head end of the Windscale plant
had to be closed down in 1973 owing 1o o maifunction. This put
an end to the attempt of grafting a modern head end for LWR
fuel assemblies with a high burnup onto an existing older plant,
In France, the reconsiruction work at the La Hague plant,
intended to enable this plant fo process spent LWR fuel assem-
blies, was deloyed to such an exient that the first batch of 15 t of
LWR fuel assemblies, from the Mihleberg nuclear power station
in Switzerland, was only reprocessed in 1974.

In Germany, the original capital cost estimate for the large scale
reprocessing plant had been of the order of 500 million DM, As
the planning work proceded the capital cost estimates rose far
in excess of 2 billion DM, owing to sharp increases in costs as
well as the stringency of the safety specifications in the field of
nuclear engineering. This put an end to expectations of commer-
cial profitability in the sense of balancing the costs of the
process against the resale value of the recovered plutonium and
uranium.

These developments had two main consequences. Firstly, the
originally anficipated excess capacity turned inte insufficient
capacity. Secondly, owing to the greatly increased cost esti-
mates, the chemical companies participating in the KEWA lost
their commercial interest in fuel reprocessing, especially afier
the Federal Government let it be known that it would not be
prepared to subsidise fuel reprocessing according to the model
of fuel enrichment.

This placed the onus of financing and implementing the project
on the German electric power industry in order to ensure waste
disposal and thus the continuing operation of their nuclear
power plants, this being consonant with the “polluter pays-prin-

Tabelle: Die 12 EVU-Gesollschafter der DWK
Table: The 12 electric powar utilities holding shares in the DWK

DWK %
Badenwerk AG, Karisruhe 7

Bayernwerk AG ,Miinchen 10

Elektromark, Kommunales Elekirizitatswerk Mark AG,Hagen | 1

Energie-Versorgung Schwaben AG, Stuttgart 1
Hamburgische Electricitts-Werke ,Hamburg 8
Isar-Amperwerke AG, Minchen 2
Neckarwerke Elektrizitatsversorgungs - AG, Eflingen 3
Nordwestdeutsche Kraftwerke AG,Hamburg L
_ Preufische Elektrizitats - AG ,Hannover ]
Rheinisch -Westfalisches Elektrizitatswerk AG,Essen R}
Technische Werke der Stadt Stuttgart AG, Stuttgart 2
Vereininte Elektrizitatswerke Westfalen AG, Dortmund 1

DWK DWK - Gesellschafter on

-
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lhre Gesellschafter sind nach wie vor jene 12 Kernkraftwerke
planende oder betreibende EVU mit einem ihrem kinfligen
Entsorgungsbedarf ihrer Kernkroftwerke in etwa enisprechen-
den Anteil om Gesellschaftskapital (Tabelle). In Erweiterung der
Aufgaben ist das Unternehmensziel der DWK nunmehr die
Planung, Errichtung, Erwerb und Betrieb von Anlagen sowie
Dienstleistungen oller Art zur Entsorgung von Kernkraftwerken,
insbesondere der Lagerung und Aufarbeitung von ausgedienten
Brennelementen. Ausgenommen sind jedoch Anlagen zur Endla-
gerung von radioaktiven Abféllen, die nach den Bestimmungen
des Gesetzes Uber die friedliche Verwendung der Kernenergie
und zum Schulz gegen ihre Gefahren [Atomgesetz) in die
Zustéindigkeit der Bundesregierung fallen.

Aufgrund der Vorarbeiten konnte die DWK am 31.3.1977 den
Genehmigungsantrag fir die Anlagen des Entsorgungszentrums
nach § 7 des Atomgesetzes unter Vorlage eines rund 3000 Seiten
umfassenden Sicherheitsberichtes beim dafir zusténdigen Nie-
derséichsischen Ministerium fir Soziales einreichen. Fir diese
Auftragsstellung wor die Benennung eines geeigneten Stendor-
tes durch die Niederséichsische Landesregierung erforderlich,
wobei die Wahl nach eingehender Prifung aller in Niedersach-
sen liegenden Salzstécke unter Berlicksichtigung der vom Bun-
desinnenministerium  aufgestellten Standorikriterien fir kern-
technische Anlagen auf den im Kreis Lichow-Dannenberg bet
Gorleben gelegenen Salzstock fiel (Fig. 1). Daneben waren
zuvor die Salzstécke Wahn im Landkreis Aschendorf-Himling,
Lichtenhorst bei Nienburg und Lutterloh bei Celle in die engere
Wahl gezogen worden. Im Rahmen des durch die Antragstellung
der DWK eingeleiteten Genehmigungsverfahrens wird ouch zu
prifen sein, ob der Standort Gorleben fir die dortige Errichtung
des Entsorgungszentrums geeignet ist.
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Fig. 1: Der Standort und der Salzstock Gorleben

ciple” much discussed lately. In pursuit of this aim 12 German
electric power utilities (EPU) founded in 1975 the Project Com-
pany for the Reprocessing of Nuclear Fuels (PWK). The statutory
objective of the PWK was the creation of technical, economic
and legal preconditions for the construction and subsequent
operation of a large German spent nuclear fuel reprocessing
plant. The first step of the PWK in pursuit of this aim was to
place with the KEWA a contract for the elaboration of a prelimi-
nary project study for the waste disposal centre on the basis of
the already completed concept study. The bulk of the work of
the PWK, however, lay in the preparation of the Safety Repori
required to initiate the statutory licensing procedure. In this
connection the PWK placed contracts for several planning
studies running parallel to the preliminary project study by the
KEWA.

2. Functions and structure of the DWK

In the course of preparation of the Safety Report and of the
ancillary work connected with the preliminary project study by
the KEWA, it became obvious that the organisational form of
a coordinating project company {which even had some part-
time participants) was inadequate for the definitive realisation
of such o major objeclive as the German Nuclear Waste
Disposal Centre. The decision was therefore taken at o share-
halders’ meeting held on 28.2.1977 to convert the PWK info the
Germon Company for the Reprocessing of Nuclear Fuels
(DWK), and the équity capital was at the same time raised to
100 million DM.

The shareholders in the DWK are the same 12 EPUs operating
or planning to operate nuclear power stations (see Table), and

" their shareholdings are approximately proportional to the esti-
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Parallel hierzu wird die von der Bundesregierung beauftragte
Physikalisch-Technische Bundesanstalt in Braunschweig (PTB) in
einem Ende Juli 1977 beantragten Planfeststellungsverfahren die
Eignung des Salzstockes ols Endlager fir rodioaklive Abfdlle
prifen. Auch fiir dieses Verfohren ist die Genehmigungsbehérde
das Niederséchsische Sozialministerium.

Im Hinblick auf den in Niedersochsen gelegenen Standort als
auch wegen des Oberwiegend in Hannover ablaufenden Geneh-
migungsverfahrens wurde der Sitz der DWK om 1.7.1977 nach
Hannover verlegt.

Auf der Gutachlerseite wurde in Hannover die Arbeitsgemein-
schoft Nukleares Entsorgungszenirum der TOV gebildet. In dem
Mafe, wie das unternehmerische Interesse der chemischen Indu-
strie an der Wiederavfarbeitlung nachlieB und die Veraniwor-
tung der DWK fir eine ordnungsgeméBe Entsorgung der Kern-
kraftwerke stieg, muBle die DWK bemiht sein, dos.gesamte in
Deutschland vorhandene industrielle Know-how fiir die Plo-
nungsarbeiten fir das Entsorgungszentrum verfigbar zu machen
oder zu erhalten. In Verhandlungen mit den Gesellschaftern von
KEWA und GWK, den Firmen Boyer, Gelsenberg, Hoechst und
Nukem, wurde deshalb vereinbart, dafi die DWK mit Wirkung
vom 1.9.1977 100 % der Gesellschafteranteile der KEWA und
20% der GWK tbernimmit, wobei gleichzeitig die 100prozentige
Ubernohme der GWK am 1.1.1979 festgeleg! wurde. Mit dieser
Reorgonisation wird es der DWK auch méglich, Gber die URG
zu einem direkten Erfohrungsaustausch mit den britischen und
franzdsischen Wiederaufarbeitern zu gelongen.

3. Dus Konzept des deutschen Entsorgungszentrums

Die vorgesehene Enisorgung der Kernkraftwerke in der Bundes-
republik Devtschland basiert auf dem Entsorgungskonzept, das
vom BMFT Ende der 60er Jahre initiert und fir das die KEWA bis
1974 eine Konzeptstudie erstellt hat, Dieses Konzept fafit alle
erforderlichen Verfohrensschritte, die fir die Behandlung der
abgebrannien Brennelemente nach dem Abtranspor! cus den
Kernkraftwerken erforderlich sind, on einem Standort zusam-
men: Hierzy gehdren Annohme und Lagerung der abgebrannten
Brennelemente, Wiederauforbeitung, Rickfihrung des Pluto-
niums und des unverbrauchien noch leicht angereicherten
Urans, Behandlung der radioaktiven Abfélle und deren Endla-
gerung {Fig. 2).

Die erste zu realisierende Anlage des Entsorgungszentrums ist
das Brennelementlagerbecken, in welches die in bis zu 120t
schweren Tronsportbehélter aus den Kroftwerken kommenden
abgebrannten Brennelemente bis zu ihrer Wiederavfarbeitung
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Fig. 2: Schema des Entsorgungszentrums
Fig. 2: Schema of the wasle disposal centre
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mated future waste disposal requirements of their nuclear pow-
er plonis. The stalutory objectives of the DWK include the
planning, construction, acquisition and operation of facilities
and the provision of services of all kinds required for disposing
of nuclear power plant wastes, especiolly the storage and
reprocessing of spent fuel assemblies. Excluded from the statu-
tory objectives, however, are facilities for the definitive storage
of radioactive wastes because, according to the Atomic Energy
Act, such facilities fall within the scope of responsibilities of the
Federal Government.

Cn 31.3.1977, thanks 1o the completed preliminary work, the
DWK was able to file with the competent Ministry for Sociol
Affairs of Lower Saxony on opplication for the licensing of the
focilities of the Nuclear Waste Disposal Centre pursuant to
Section 7 of the Aiomic Energy Act, supported by o Safety
Report comprising about 3000 pages. This application had to be
bosed on a location named by the state Government of Lower
Saxony. The choice of site was made ofter defailed study of all
the solt domes in Lower Saxony, taking also into occount the
location criteria for nuclear engineering facilities laid down by
the Federal Ministry for Internal Affairs. The site finally chosen is
the salt dome located neor Gorleben in the District Lichow-
Dannenberg (Fig. 1). The cther passible sites on the short list of
those originally considered were the salt mines Wahn in the
District Aschendorf-Himling, Lichlenhorst near Nienburg and
Lutterloh near Celle. The suitability of the Gorleben site for the
construction of the waste disposal centre will now be studied.in
greoter detail in the course of the licensing procedure initicted
by the DWK.

In parallel, the Federal Government hos initioted in July 1977
o plonning enquiry procedure and has commissioned the
Physikalisch-Technische Bundesansialt {National Standardizing
Laboratory) in Braunschweig (PTB) to prepare a study on the
suitability of the Gorleben salt mine aos o definitive storage site
for radicactive wastes. The competent licensing authority for this
procedure is also the Ministry for Socia! Affairs of Lower
Saxony.

In view of the fact that the proposed site is located in Lower
Saxony and that the work connected with the licensing proce-
dure is laking place mainly in Honnover, the DWK was trans-
ferred from Essen to Hannover on 1.7.1977.

The Authorized Inspection Agency, in turn, hos formed a Work-
ing Group of the TOV for the Nuclear Waste Disposal Centre,
with seat olso in Hannover,

In the measure in which the commercial interest of the chemicol
industry in nuclear fuel reprocessing flagged, and the responsi-
bility of the DWK for an orderly disposal of nuclear power plant
wastes increased, the DWK found itself obliged to obtoin and to
make available the entire industrial know-how existing in Ger-
many and relevant for the planning work on the waste disposal
centre. In pursuit of this aim it has been agreed in negotiations
with the shareholders of KEWA and GWK (the companies Bayer,
Gelsenberg, Hoechst and Nukem) that the DWK will acquire
100 % of the shares in the KEWA and 20 % of the shares in the
GWK with effect os of 1.9.1977, and the remoinder of the
shares in the GWK with effect as of 1.1.1979, This reorganisa-
tion will olso enable the GWK io enter via the URG into a direct
exchange of know-how with the British and the French reproces-
sors.

3. Concept of the German Nuclear Wasta Disposal Centre

The planned disposal of westes from nuclear power planis in
the Federal Republic of Germany is based on the waste disposal
concept initiated by the BMFT in the fate 19405 and for which the
KEWA had prepared a concept study up to 1974. This concept
concentrates on one site all the process steps required for
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eingelagert werden. Das Lagerbecken hat eine Kapazitét von
3000 t und ist, unterteilt in mehrere Einzelbecken, in einem etwa
125 m langen, 75 m breiten und 40 m hohen Gebdude unterge-
bracht. Um den sirengen Sicherheitsvorschriften in der Bundes-
republik zu gentigen, ist es mit Wandstérken von 140 bis 200 cm
ausgestatiet, die ausreichende Sicherheit auch im Fall von &ufle-
ren Einwirkungen wie Flugzeugabsturz und Erdbeben gewdhr-
feisten. Die Brennelemente werden unter Wasser gelagert, wo-
bei die Kihlwasserkreisldufe eine maximale Beckentemperatur
von 40 °C garantieren.

Die sich im Funktionsablauf des Entsorgungszentrums an die
Lagerbecken anschlieflende Wiederaufarbeitungsanlage ist das
eigentliche Herzstick des Entsorgungszentrums. Sie stellt die
chemische Anlage dor, in welcher zunéichst die abgebrannten
Brennelemente zerkleiner! und in siedender Salpeterséure auf-
gelost werden. Dabei werden das noch, unverbrauchte Uran,
das beim Abbrand im Kernkraftwerk gebildete Plutonium und
die radiocktiven Spaltprodukte voneinander getrenni. Hierfir
wird das PUREX-Verfahren (Plutonium Uranium Recovery by
Extraction) verwendet, das in den USA entwickelt wurde.

Fir die Wiederaufarbeitungsanlage ist die Aufteilung in zwei
oder mehr parallele Prozefablaufe typisch, um bei den kompli-
zierfen chemischen Anlagen, bei denen fir die Einzelaggregate
die mitttere Verfiigbarkeit nur bei etwa 50 % liegt, eine ausrei-
chend hohe Gesamtverfiigbarkeit zu erzielen,

im Gebdude fir den Eingangsteil {Headend) werden die Brean-
elemente in heiflen Zelen fernbedient zerkleinert, wobei die
Vorgéinge im Gegensalz zur WAK weitgehend automatisiert sein
werden,

Im Headend werden auch bei der Zerkleinerung der Brennele-
mente gasférmige rodiocktive Spaltprodukte freigesetzt. Wie
bei allen Gebduden fir kerntechnische Anlagen ist deshalb
neben der Sicherheit gegen Einwirkungen von auBen ein absolut
gasdichter AbschluBl des Gebdudes erforderlich. Alle Gase
werden zentral Ober Gasrickhalteeinrichtungen, in denen insbe-
sondere die Radionuklide J 129 durch geeignete Filter und Kr 85
durch Tieftemperatur-Rektifikationsverfahren  zurickgehalten
werden, bevor die unschédtichen und verdiinnten Abgase iber
einen 200 m hohen Schornstein abgegeben werden.

Interessant ist eine kurze Analyse der Verhélinisse der tatséchli-
chen anfallenden Materialmengen: Bei einem Durchsatz von
1400 t/a urspriinglich in den Brennelementen eingesetztem Uran
enthalten die abgebrannten Brennelemente immer noch rund
1350 t ouf knapp 1% U 235 angereichertes Uran. Daneben
haben sich rund 14 t Plutonium gebildet, und nur 30 bis 401 - je
nach Vorgeschichte und Abbrand der Brennelemente - sind der
gigentliche Atommiill, ein Gemisch aus rund 300 verschiedenen
iberwiegend radioaktiven lsotopen. Wenngleich dieser Menge
wegen ihrer Radioaktivitét im Rahmen der Enfsargung besonde-
re Aufmerksamkeit geschenkt wird, so wird doch hinsichtlich
ihrer geringen Menge im Vergleich zu den Abfallmengen kon-
ventioneller Kraftwerke wieder deutlich, daf8 die Energiecus-
beute im Bereich der Kernenergie, auf ein einzelnes Atom
bezogen, um einen Faktor von rund 10% gréfler ist als bei der
Ausnutzung fossiler Energien. Schliefilich darf nicht vergessen
werden, daf} der volle Durchsatz des geplanten Entsorgungs-
zentrums einer installierten Kernkraoftwerksleistung von rund
45000 MW entsprechend einer erzeugten Arbeit von rd. 300
Milliorden kWh entspricht.

Nach der Aufarbeitung der Brennelemente liegen also die drei
Teilstréme Uran, Plutonium und Spaltprodukte gefrennt vor.
Uran und Plutonium werden nach Mischung bzw. erneuter
Anreicherung und nach Verarbeitung zu Brennstoffpellets in
Form von Brennelementen wieder in den Kraftwerken eingesetzt.
Alle hiermit zusammenhéngenden Fabrikationsvorgénge wer-
den im Rahmen des inlegrierten Entsorgungskonzepies auf dem

dealing with spent fue! assemblies ofter they are shipped away
from the nuclear power plants. This includes acceptance and
storage of the spent fuel assemblies, reprocessing, recovery of
the plutonium and of the unused, still slightly enriched uranium,
conditioning of the radioactive wastes, and their storage [Fig. 2).
The first priority in the implementation of the waste disposal
centre is the construction of the fuel assembly storage pool in
which the spent fuel assemblies, arriving from the nuclear power
stations in transport flasks weighing up to 120 t, will be un-
loaded and stored unti they can be processed. The storage pool
is designed with a capacity for 3000 t of spent fuel assemblies. It
is subdivided into several individual basins and is accommo-
dated in a building about 125 m long, 75 m wide and 40 m high.
In compliance with the stringent safety specifications applicable
in the Federal Republic of Germany, this building has walls 140
to 200 cm thick ond is capaoble of safely withsianding external
events such as an aircraft crash and earthquake. The fuel
assemblies will be stored under water, and adequate cooling
circuits will be provided to ensure that the temperature of the
pool water does not exceed 40 °C.

The functionally next component of the waste disposal centre is
the reprocessing and separation plant which is the main compeo-
nent of the entire centre. This is a chemical plont in which, as
a first step, the spent fuel assemblies are comminuted (chopped
up) mechanically and the spent fuel is dissolved in boiling nitric
acid. In the subsequent steps the unused uranium, the plutonium
formed in the course of the burnup in the nuclear power plants,
and the radicactive fission preducts are separated from each
other. The process used for this separation is the PUREX process
(Plutonium Uranium Recovery by Extraction) which was devel-
oped in the USA.

The™ average availability of the individual aggregates of the
complex chemical equipment required is of the order of only
about 50 %. It is therefore typical of reprocessing plants that the
operation is split into two or more paralle) process lines in order
to ensure a sufficiently high overall availability.

In the head end building the fuel assemblies coming from the
storage pool are comminuted under remote control in hot cells.
Unlike the pracedure at the WAK plant, it is intended to largely
automate this step of the process.

The comminution of the fuel assemblies in the head end building
is accompanied by a release of gaseous radioactive fission
products. The head end building, as all buildings for nukleor
engineering facilities, must therefore be provided with an abso-
lutely gastight enclosure adequately secured against damage by
external occurrences. All the gases are exhausted and are
processed centrally in o gaseous waste processing plant in
which, in partficular, the radionuclides | 129 and Kr 85 are
retained, the first by means of appropriate filters and the second
by low temperature rectification. The residual harmless and
strongly diluted gases are finally released into the otmosphere
via a 200 m high stag.

It is interesting briefly to consider the quantitative ratios of the
amounts. of ma'erials passing through such a reprocessing plant,
assuming a throughput of 1400 t/a referred to the uranium
originally contained in the fuel assemblies in the new condition.
The spent fuel assemblies still contain about 1350 t of uranium,
enriched to about 1% U 235, and about 14 t of newly formed
plutonium. The actual atomic waste, 6 mixture of some 300
different nuclides most of which are radiocactive, amounts to
only about 30 to 40 t, depending on the history and on the
burnup of the fuel assemblies. Owing to s radioactivity this
waste represents @ major problem in waste disposal, but it
should nevertheless be noted that the quantities involved are
extremely small compared to the quantities of waste generated
by coal-fired power plonts. This illustrates the fact that, on an
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Standort des Entsargungszentrums durchgefihrt. Es ergeben sich
somit keine Plutoniumiransporte. Fir alle, die einen Miflbrauch
der von der Kernenergie gebolenen Méglichkeiten zu Terror-
und Erpressungsakten befirchien, ist dies sicherlich ein beruhi-
gender Tatbestand.

Am Beispiel der Weiterverarbeitung des Urans und des Pluto-
niums wird die Vielfaltigkeit der Aufgaben eines Enisorgungs-
zentrums besonders deutlich. Der Plan, daf3 das Plutenium den
Standort nur in der Durchmischung mit Uran 235 in Form fertiger
Brennelemente fiir Leichtwasserreaktoren verléfy, bedingt die
Errichtung und den Betrieb einer vollstandigen Produktionsstétte
fur pluteniumhaltige Brennelemente. Das Vorbild hierfir ist die
Brennelementfabrik der ALKEM in Wolfgang. Es gilt deshalb
das Prinzip, daB die fachkundigen Firmen unier geeigneten
finanziellen und unternehmerischen Bedingungen sowohl in der
Planungsphase als auch an der Errichlungs- und Belriebsphase
verantwonrilich mitwirken. Durch eine umfassende Arbeitsge-
meinschaft aller Beteiligten wird dabei eine unkoordinierte Pla-
nung verhindert,

Ehnliches gilt quch fir den Bereich der Abfallendbehandlung.
Alle flissigen und festen radioaktiven Abfélle, die in den ver-
schiedenen Betrieben des Enisorgungszentrums, vor allem aber

in der eigentlichen Wiederaufarbeitungsanlage, anfallen, wer--

den in eine fir ihre Endlagerung geeignete Form gebracht.
Dabei werden die leicht- und mittelaktiven Abféle entsprechend
dem in der Asse erprobten Verfahren in 200-1- oder 400-|-Fésser
eingebracht und in Bitumen oder PVC, je nachdem, ob die
Abfslle in waBriger oder organischer Lasung vorliegen, verfe-
stigt. Die Gesamimenge der mittelaktiven Abfélle von ca. 1600
m*/a tihrt zu rund 6000 Féassern pro Jahr, die der leichiradiogk-

" tiven Abfglle zu rund 50000 Fassern pro Johr. Diese Mengen

kénnen, wie der Betrieb der Asse zeigt, ohne Schwierigkeilen
gehandhabt werden.

Die hochaktiven Abfédlle fallen zum einen in fester Form im
Bereich der Zerlegung und Auflésung der Brennelemente an und
umfassen die Bauteile der Brennelemente und die in Stiicke
zerschnittenen Brennstabhilsen, Sie werden in Zement eingela-
gert und in Container mit einem Volumen von 2 m? fir die
Endlagerung vorbereitet. Zum anderen fallen bei der Wieder-
auvfarbeitung jéhrlich rund 600 m* an flissigen hochakliven
Abfgllen an. Diese werden zundchst fiir rund 5 Johre in gesi-
cherten und zwangsgekithlten Behdltern gelagert, bevor sie
durch Kalzinierung vom Wasser befreit und in Oxide umgewan-
delt und dureh Hinzufigung von Glasbildnern in eine homogene
Glasschmelze Uberfihrt werden.

GRUBENGEBAUDE im Salzstock Gorleben

Schematischer Grundrif

Jede Kammer
ca 20x100m
bei 25m Hahe

Endlagerfeld
HAW

Schacht I
nﬁw= Hochradicaktiver Abfali, Bedart: 1 Strecke/a
= Mittelaktiver Abfall 3
LAW - Leichtaktver Abtallj  Bedart: 2Kammern/a
F = Forderstrecke
W = Wetterstrecke
V = Versorgungsirakie

Fig. 3: Planung des Grubengebéudes im Solzstock Gorieben
Fig. 3: Planned underground facilifies in the Gorleben salt mine
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atem for alom basis, the amount of energy released by nuclear
fission is greater than that released by burning fossil fuels by
a foctor of the order of 10°. It should also be remembered that
the full capacity of the planned waste disposal centre is suffi-
cient to serve an oggregate installed nuclear pawer plant
capacity of about 45000 MW, corresponding to a power gener-
ation of about 300 millard kWh.

The separation process yields uranium, plutonium and fission
products in three separate material flows. The uranuim is
re-enriched by addition of fresh uranium with an appropriately
high enrichment leve!, and is then mixed with the plutonium. This
mixture is processed to fuel pellets. The pellets are used to make
new fuel assemblies ready for use in nuclear power plonis. An
important feafure of the integrated waste disposal concept is
that all the processing and fabricafion steps required for this
purpose take place on the primises of the waste disposal centre.
All transport of plutonium is thus avoided entirely. This should

“allay the fears of those who are apprehensive that nuclear

technology might be misused for purposes of terrorism and
blackmail. .

This example of complete reprocessing of uvranium and
plutonium illustrates particularly clearly the multiplicity of the
functions of the planned waste disposal centre. The infention
that the plutonium which is produced should leave the centre
only after mixing with vranium, and then only in the form of
ready-for-use fuel assemblies for light water reactors, imposes
the construction and operation on the premises of the centre of
a complete production plant for plutonium-containing fuel as-
semblies. A suitable prototype is the fuel assembly fabrication
plant of ALKEM in Wolfgang. This illustrates the principle that
all specialist firms in the several relevant fields should partici-
pate in the planning, construction and operation of the waste
disposal centre. This will require the formulation and negotia-
tion of appropriate financial and commercial conditions and the
formation of a broadly based working group including all the
participants in order to avoid uncoordinated planning.

Similar considerations apply to the processing and disposal of
the radicactive wastes. All the liquid and solid radicoctive
wastes generated in various parts of the waste disposal centre,
particularly in the actual reprocessing and separation plant, will
be converted into a form suitable for definitive storage. The low
active wastes {LAW) and the medium active wastes {MAW) will
be filled into 200-litre or 400-litre drums and consolidated with
bitumen or with PVC, depending on whether they are in an
aqueous or an organic solution. This method has been success-
fully tried out at Asse. The total quantity of MAW of about 1600
m*/a will result in about 6000 drums per yeor, in addition to
about 50000 LAW drums per year. The operations at Asse show
that these quantities can be handled without difficulty.

The high active wastes (HAW) will be generated in solid and in
liquid form. The solid HAW originate at the head end of the
process: and include the structural components of the fuel
assemblies and the fuel clodding tubes cut into short pieces.
These solid HAW will be embedded in concrete in containers
with a cepacity of 2 m?, and will be conveyed lo definitive
storoge in this form. The liquid HAW originate in the course of
reprocessing and separation and will amount 1o about 600 m®
per year. These liquid HAW will first be stored for about 5 years
in appropriately secured tanks with forced coocling. They will
then be dehydrated by calcination, the residues will be con-
verted to oxides and finally vitrified with addition of appropriate
vitrifying agents. ’

At the full planned operating capacity, the waste disposal centre
will produce daily 4 or 5 such vitrified blocks enclosed hermeti-
cally in metal containers with a capacity of 70 litres each. These
blocks will first be stored for the necessary period of fime in




Bei voller Leistung des Entsorgungszentrums entstehen téglich
4 bis 5 solche metallumschlossene Glasblécke mit einem Volu-
men von je 70 |, die nach weiterer Zwischenlagerung in lufige-
kihlten Tieflagern schliefilich in das Endlager im Salzstock
eingebracht werden. Entsprechende Vorversuche mit elektrisch
beheizten Probekérpern sind in der Asse bereits angelaufen.
Die dobei und bei der Endlagerung der schwach- und mittelakti-
ven Abfélle in der Asse gewonnenen Erfahrungen werden bei
der Anlage des Grubengeb&udes im Salzstock Gorleben voll
beriicksichtigt (Fig. 3).

4, Terminliche Abstimmung

Durch die funkfionelle Verkniipfung der einzelnen Anlagenbe-
reiche des Entsorgungszentrums ergibt sich eine zeitliche Folge
fir deren Errichtung, die in einem Rahmenplan (Fig. 4] dargelegt
ist. Die als erstes bendtigten Lagerbecken werden bei realisti-
scher Einschatzung der Daver des Genehmigungsverfahrens
und eventvell nachfolgender Verwaltungsgerichtsverfahren
kaum vor 1985/86 zur Verfigung stehen. Dann folgt die Wieder-
auvfarbeitungsanlage, deren Inbetriebnahme fir 198%/90 ge-
plant ist; an diesem Termin arientiert sich auch die Inbetriebnah-
me der Uran- und Plutoniumweiterverarbeitung.

SchlieBlich mufi die Errichtung des Grubengebdudes im Salz-
stock so erfolgen, daB die Aufnahme der schwach- und mittel-
aktiven Abfélle spétestens kurz nach Inbetriebnohme der Wie-
derauvfarbeitungsanlage und die Aufnahme der hochaktiven
Abfélle etwa 5 bis 7 Jahre spéter, also in den Jahren 1994/95,
erfolgen kann.

An diesen wenigen Terminbeispielen wird deutlich, daB es sich
bei dem Entsorgungszentrum fir die deutschen Kernkraftwerke
wohl um das derzeit langfristigste Industrieprojekt in der Bun-
desrepublik handelt. Es ist deshalb natirlich, dafl es for viele

air-cooled underground interim storage facilities, and will final-
ly be conveyed to final storage in the salt dome. Preliminary
experiments in this connecfion are already in progress at Asse,
using electrically heated dummy blocks. The experience goined
in these experiments and in the storage of LAW and MAW at
Asse will be fully taken into account in planning the definitive
storage facilities in the Gerleben salt (Fig. 3.

4. Coordination of time schedules

The functional schema of the individual facilities of the nuclear
waste disposal cenire results in a sequence for their implemen-
tation, illustrated in the overall time schedule shown in Fig. 4.
The first facility required is the storage pool for the incoming
spent fuel assemblies. Taking a realistic view of the delays
involved in the licensing procedure and in the possible subse-
quent court proceedings, it is unlikely that the storage pool will
be ready much before 1985/86. Then will follow the repro-
cessing and separation plant and all the facilities for the further
processing of the recovered uranium and plutonium, the com-
missioning of which is planned for 1989/90. The definitive
storage facilities-in the salt mine must be ready lo accept the
LAW and MAW shortly after the commissioning of the repro-
cessing and seperation plant in 198%9/90 at the latest, and they
must be ready to accept the HAW about 5 ta 7 years later, ie.,
in 1994/95.

These few time schedule dofa illustrate the fact that the construc-
tion of the waste disposal centre for the German nuclear power
plants is undoubledly the most long-term industrial project in
Germany at present. It is only to be expected therefore that
continying research and development wark on various aspects
of this project will result in improvements of the concept and/or
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Fig. 4; Rahmenterminplan fir das Entsorgungszentrum

Fig. 4: Overall time schedule for the waste disposal centre

235



Teilbereiche des Zentrums projektbegleitende Forschungsvorha-
ben geben wird, die zv Anderungen oder Verbesserungen am
Konzept oder an den Anlagen fishren werden, Hierbei ist die
Mitarbeit der deuischen Kernforschungszentren, vor allem des
KIK, hervorzuheben, cbwohl auch der Informationsflufl aus den
anderen europdischen Wiederaufarbeitungsanlaogen sehr zur
Vervollkommnung unseres Entsorgungszentrums beitragt.

Es ist allerdings wichtig, in diesem Zusammenhang festzustellen,
daf} die Realisierung des Enfsorgungszentrums im Grunde auch
schan heule méglich wére, da jeder einzelne der dort zusam-
mengefaBten Verfahrensschritte bereits fur sich erprobt wurde.
Lediglich ihre Verbindung im Rahmen des integrierten Konzep-
tes konnte hier neue Verhdlinisse schaffen, die hingegen keine
ernsten Schwierigkeiten erwarien lassen.

5. Kosten und Finanzierung

Eine neuere, sicherlich ebenfalls noch vorléufige Kostenschat-
zung fir das gesamte Entsorgungszentrum wurde von der DWK
im vergangenen - Jahr unter Einbeziehung der Angaben von
beteiligten Firmen vorgenommen und fihrte nach heutigem
Preisniveau zu einem Investitionsvolumen von Gber 4 Mrd. DM.
Unter Beriicksichtigung der Bauzinsen, Stevern, Versicherungs-
kosten und der zu erwartenden Preiseskalation wird der gesam-
te Investitionsaufwand auf mindestens 10 Mrd. DM errechnet,
Diese Summen schlieBen nicht den Erwerb des Standortgrund-
stiickes und die Ausrichtung des Salzstockes ein, wofiir weitere
1,5 Mrd. DM anzusetzen sein dirften. Diese Betrdge sind von
der Bundesregierung im Rahmen der von ihr mit der 4. Atomge-
selznovelle Ubernommenen Verantwortung filr Errichtung und
Betrieb von Anlagen zur Sicherstellung und zur Endlagerung
radicaktiver Abfélle aufzubringen; sie werden dann aber vor-
aussichtlich im Rahmen einer Geblhrenordnung von der DWK
zuriickgenommen werden.

6. Zwischenldsungen

Seit einiger Zeit steht fest, daBl es sowohl aufgrund der geringen
Wiederaufarbeitungskapazitét im Ausland als auch wegen der
Verléngerung des Genehmigungsverfahrens und der Bauphase
fur das Brennelementlagerbecken ab etwa 1982 zunehmend zu
Schwierigkeiten beziglich des Abtransportes abgebrannter
Brennelemente aus den heute in Betrieb befindlichen Kernkraft-
werken kommen wird. Dabei ist schon vorausgesetzt, daf die
Endlademengen der Jahre 1977 bis 1979 oufgrund von Vertra-
gen mit der franzdsischen Aufarbeitungsfirma COGEMA ord-
nungsgemafl von der Anlage in Cop de la Hague abgenommen
und dort aufgearbeitet werden. Durch nachtréglichen Einbau
von Kompaktlagerstellen in die kraftwerksinternen Lagerbecken
I6Bt sich zwar die lLagerkopozitdt erhdhen und damit der
AnschluB an die Fertigstellung des Lagerbeckens fir das Entsor-
gungszentrum erreichen, jedoch ist auch hierbei mit genehmi-
gungstechnischen Schwierigkeiten zu rechnen,

Die DWK wurde deshalb von ihren Gesellschaftern beauftragt,
geeignete Zwischenldsungen zu untersuchen. Sie hat zu diesem
Zweck Verhandlungen mit Frankreich und GroBibritannien Jber
den Ankauf von Wiederaufarbeitungs-Dienstleistungen fir ab-
gebrannte Brennelemente fir die Jahre 1980 bis 1985 gefohrt,
Als die einzige eigene realisierbare Zwischenlésung missen wir
heute die Errichtung von grofien Zwischenlagerbecken ansehen,
die dhnlich wie das zuvor erwéhnte Eingangslagerbecken des
Entsorgungszentrums aufgebaut sein werden. Es wurden mehre-

- re fir solche Zwischenlagerbecken geeignete Standorte in der

Bundesrepublik untersucht. Im Rahmen einer Konferenz der
Ministerpréasidenten der Lénder wurde dann festgelegt, dofl
zunichst ein Genehmigungsverfohren fiir einen Standort in
Nordrhein-Westfalen, spéter auch fir einen in Bayern und
Hessen eingeleitet werden soll.
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of the equipment. Particular importance attaches in this connec-
tion to the cooperation of the German nuclear research centres,
particularly of the KfK, although the flow of information from the
other European reprocessing plants should also make a sub-
stantial contribution.

Having mentioned the angoing research and development work,
it is important lo stress that the realisation of the waste disposal
centre would in principle be already possible loday, because
each individual process step involved has already been tried
out. New problems could arise only in the linking together of
these individval steps within the framework of the integrated
concept, but these are not expecled to cause serious difficullies.

5. Costs and finoncing

A new cost estimate for the complete waste disposal centre has
recently been prepared by the DWK, taking into account partial
cost estimates by the participafing companies. This provisional
cost estimate, based on current prices, amounts to over 4 billion
DM. Taking inte account the interest charges during construe-
tion, toxes, insurance costs and the expected general price
inflation, the total capital cost of the project is unlikely to be less
than 10 billion DM.

This cost estimate does not include the cost of acquisition of the
site and the cost of the necessary development work in the salt
dome. These costs are estimated at o further 1.5 billion DM.
Pursuant to the provisions of the 4th Addendum to the Atomic
Energy Act, which places the responsibility for the construction
and operation of facilities for the securing and definitive storage
of radicactive wastes on the Federal Government, these costs
will be met by the Federal Government, but they will probably
be recovered from the DWK later in the form of user’s fees.

6. Interim solutions

it has been obvious for some time that, owing to the limited
reprocessing capacities in other countries and o the delays in
the licensing procedure and thus in the construction of the
storage pool for spent fuel assemblies at the planned German
nuclear waste disposal centre, difficulties will arise starting in
about 1982 in connection with the removal of spent fuel assem-
blies from the nuclear power stations operating at present,
These difficullies will arise despite the fact that, pursuant to
coniracts entered info with the French reprocessing company
COGEMA, the spent fuel assemblies discharged in years 1977
to 1979 will be accepted on schedule for reprocessing ot the
Cap de la Hague plant,

One possibility of bridging the gap until the storage pool af the
waste disposal centre is ready would be to increase the capacity
of the fuel storage pools a! the existing nuclear power plants by
equipping these pools with compact storage compartments, but
this solution is likely to run into licensing difficulties.

The DWK has therefore been instructed by its shareholders to
study appropriate interim solutions of the spent fuel storage
problem. The DWK has therefore been conducting negetiations
with the French and the British reprocessers for the purchase of
reprocessing services for spent fuel assemblies for the years
1980 to 1985. The only possible interim solution within Germany
would be the construction of large interim storage pools similar
to the incoming storage pool ot the waste disposal centre,
Several prospective sites for such interim storoge pools within
Germany have already been investigated. At a recent confer-
ence of the Prime Ministers of the Federated States it has been
decided that an application for a licence should be filed first for
a site in North Rhineland/Westphalia, and later alse for a site in
Bavaria and for o site in Hessen.



7. Offentlichkeitsarbait
Eine der sehr wichtigen Aufgaben im Zuge der Abwicklung des
Projektes ist die Offentlichkeitsarbeit, vor allem am geplanien
Standort. Hier ergab sich die Situation, daf3 Proteste und QOppo-
sition in die Bevdlkerung hineingetragen wurden, bevor diese
" umfassend iiber das Projekt informiert war.

Seit der Benennung des Standortes Gorleben durch die Nieder- .

séchsische Landesregierung ist die DWK stindig om Standort
" vertreten. Zur ausfihrlichen sachbezogenen Unterrichtung, ins-
besondere der zustiindigen Behérden, ist jetzt von der DWK
auch der Bericht ober das in der Bundesrepublik geplonte
Entsorgungszentrum herausgegeben worden, der als Kurzfas-
sung den Inhalt des umfassenden Sicherheitsberichles wieder-
gibt. ]
AuBlerdem ist der Bau eines Informationszentrums in Gorleben
" vorgesehen, um auch hierdurch einen standigen informativen
Dialog mit der Bevdlkerung zu gewdhrleisten.
) {Eingegaongen am 18.1.1978)
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7. Public rolations ‘{

Orie of the very important tasks in the course of development of
the project lies in the field c!af public relations, especially at the
proposed site of the project; The general public, and particular-
ly the lacal population, have been exposed ta vehement protest
activity before they were given any factual information on the
project. Since the site at Gorleben was named by the Siate
Government of Lower Saxony, the DWK has maintained a per-
manent representation ot the site. In order to provide to all
interested parties, and especiolly to the local authorities, de-
tailed factual information on the planned nuclear waste disposal
centre, the DWK has recen!tly issued o report on this project,
which presents in an abridged form the contents of the com-
prehensive Safety Report. ‘ : .

It is also intended to build in Gorleben a fully equipped
information centre for maintaining a continaus flow of informa-

tion to the public.,
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