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,At the p r e s e n t time both e x p e r t s and genera l p u b l i c a re very much
aware of the limited reserves of fossil fuels.
Whether these fuel resources will actually become relatively scarce
at the year 2000 or 2025 is not really essential.
Furthermore, the use of the fossil resources is under discussion;
are they only to be used for producing heat or should these
resources to a large extend be preserved as a resource material
for chemical processing?
Moreover, a strong worldwide increase of burning fossil fuels may
after several decades result in unacceptable C02 concentrations
in the world atmosphere.

l

f---

A possibility to alleviate this dilemma is to use nuclear energy
for electricity production. But large groups of the population
have doubts as to the acceptability of a large scale use of
nuclear power stations.
Of the controversial aspects of use of nuclear reactors most
certainly the possible misuse of highly concentrated nuclear fuel
for explosive devices is one of the most complicated and in a
sociological sense most difficult subjects.

l i

The section of nuclear technology of Royal Institution for
Engineers (KIVI) has considered i t of utmost importance to
organize this one day symposium on Proliferation and the
Safeguarding of the Peaceful Application of Nuclear Power in
order to try to present to a wider audience concise information
on the major different aspects of this pressing problem.

I t is hoped that the following pages will help to stimulate a
thorough and dignified discussion based on real facts.
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THE PEACEFUL APPLICATION OF
NUCLEAR POWER AND THE
NON-PROLIFERATION SYSTEM

by

P.H. Kooymans
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When the-world entered the nuclear age in 19 45, it was faced with
the problem that the force of the atom which had now become
available to mankind could be used in two ways: on the one hand for
purposes of destruction, and on the other hand for peaceful
purposes, in particular the generation of power. In order to
exclude the possibility of atomic weapons being used in the future,
the world could, theoretically, have chosen to renounce forever all
uses of nuclear energy, but this would have implied giving up all
the benefits of peaceful applications of the new source of power.
On the other hand, fostering the peaceful applications of nuclear
energy would necessarily contribute to the emergence of capabilities
for the manufacture of atomic weapons.

The first decision of the General Assembly of the United Nations, in
January 1946, was to establish the United Nations Atomic Energy
Commission and to entrust it with exploring both sides of this
dilemma. The General Assembly instructed the Atomic Energy Commission
to make specific proposals, not only for the elimination of atomic
weapons from national armaments, but also for the exchange among
all nations of basic scientific information for peaceful ends, for
control of atomic energy to the extent necessary to ensure its use
for peaceful purposes only, and for effective safeguards by way of
inspection and other means to protect complying States against the
hazards of violations and evasions. It is interesting to note that
already in this resolution 1 (I) of the United Nations General
Assembly we come across the word "safeguards" in the context of
control of the peaceful uses of nuclear energy.

In June 1946 the United States and the Soviet Union presented their
respective proposals to the Atomic Energy Commission. The United
States representative, Mr. Bernard Baruch, proposed the creation of
an International Atomic Development Authority that would have a
unique position with respect to all phases of the development and
use of atomic energy. It was to possess the exclusive right both to
conduct research in the field of atomic explosives and to produce
and own fissionable material. All other nuclear activities were to
be permitted only under licence from the Authority, and were to be
subjected to inspection by the Authority. Once such an organization
was.effectively operating, the United States would destroy its atomic
weapons and would communicate all its technological information to
the Authority.
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However, this Baruch Plan was not acceptable to the Soviet Union.
The Soviet representative, Mr. Gromyko, submitted a draft convention
prohibiting the production and use of atomic weapons and providing
that within three months from i ts entry, into force,all atomic weapons
were to be destroyed; only after this f irst step had been carried out
would verification and sanction measures be negotiated!and established.
Later on, the Soviet delegation submitted proposals for the establish-
ment of an International Control Commission within the framework of
the Security Council. This Commission would be entitled to investigate
facilities for the production of atomic materials and atomic energy.
However, any action by this Control Commission could be prevented by
the veto of a permanent member of the Security Council. These Soviet
proposals were unacceptable to the West.

Efforts were made in the United Nations Atomic Energy Commission up
to 19 49 to bring the two sides to a common position, but i t proved
impossible to resolve the differences concerning the stage at which
atomic weapons should be prohibited and concerning the modalities
of internation control and inspection.
There were no more meetings of the AEC after July 1949. September
1949 saw the f i rs t nuclear explosion carried out by the Soviet Union
and from that moment the nuclear arms race was on. Then, in 1950,
came the war in Korea and the Cold War entered i t s iciest phase. In
1952 the United Kingdom became the third nuclear-weapon Power. In
that same year the AEC was formally abolished and superseded by the
United Nations Disarmament Commission.

You may wonder why I have dwelt at some length on those discussions
of the early post-war period, which foundered in total failure. I
have done so, in the first place, in order to demonstrate that even
in that early period the United Nations was trying to cope with both
aspects of the nuclear dilemma: on the one hand the problem of
abolishing existing nuclear armaments, on the other hand the problem
of safeguarding the peaceful applications of nuclear energy. Although
the expression "nuclear proliferation" was not yet in use at the time,
we can say that the United Nations was faced with the non-proliferation
issue from i t s very beginning. In the second place, I think the ideas
of 1946 s t i l l have some relevance today because certain elements of
them have recurred in proposals and measures of a later date.

In the absence of any international arrangement, the United States
refrained up to 1953 from encouraging the peaceful application of
nuclear energy in other countries. That year, however, witnessed
a radical change in the nuclear policy of the United States. In
December President Eisenhower submitted to the United Nations General
Assembly his "Atoms for Peace" proposal, which rested on the
following ideas:

- the peaceful use of nuclear energy throughout the world must be
encouraged as much as possible;

- all possible efforts must be made to prevent nuclear energy
being used for military purposes;

- the Great Powers1 military stockpiles of nuclear materials
should be made - at least part of them - available for
peaceful use and to this end should be transferred to an
international atomic energy agency.
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In the years that followed the United States began helping other
countries to develop nuclear energy for peaceful ends, on condition
that the aid must not be used for military purposes and with control
being exercised on compliance with the condition. To this end the
United States concluded a large number of bilateral agreements.
However, the idea that the new policy, admittedly less ambitious
than that of the Baruch plan, could best be achieved by an
international body within the UN framework was by no means abandoned.
Proposals on this point from the -Americans ultimately led to the
setting-up in 1956 of the International Atomic Energy Agency (IAEA),
with i ts headquarters in Vienna. The aims of this UN Agency are
defined in Article II of the Agency's Statute:

"The Agency shall seek to accelerate and enlarge the
contribution of atomic energy to peace, health and
prosperity throughout the world. I t shall ensure, so
far as i t is able, that assistance provided by i t
or at i ts request or under i t s supervision or control
is not used in such a way as to further any military
purpose."

I t is therefore a responsibility of the IAEA to maintain a reasonable
balance between "promotion" and "prevention". The importance of the
Agency's supervisory function may be deduced from the fact that i t is
empowered to turn directly to the UN Security Council if i t finds
that a country which has received certain materials or facilities on
the condition that they may only be used for peaceful ends is in fact
putting them to military use.

The main idea in the minds of those who took the initiative for
creating the IAEA had been that i t should function as an international
supplier of fissionable materials. It was also expected that the
nuclear powers would in due course be prepared to transfer their
military stockpiles of fissionable material to the Agency for peace-
ful use by the Member States. Since 1956, however, the IAEA has
scarcely been in a position to play a role of any significance as
supplier of fissionable material, since this expectation proved to
be premature. This meant that in practice the influence of the
Agency as a supervisory body was initially only modest, also because
l i t t l e use was made in the early stages of the other possibility
provided for in the Statute, namely that countries could of their
own accord submit certain nuclear activities to Agency safeguards.

At the same time, but independently of the negotiations on the
setting-up of the IAEA, France, the Federal Republic of Germany,
Italy and the Benelux countries were discussing creating a regional
organization in the nuclear energy field. As a result of this Euratom
was set up on 25 March 1957. From i ts inception this organization
had the two-fold duty of promoting cooperation in all areas of the
peaceful application of nuclear energy and of exercising control on
al l civil nuclear activities of the Member States. Such a regional
control system (sometimes referred to as self-control) has only a
relative value vis-a-vis third parties, yet this was the first
multilateral system of control on the peaceful application of
nuclear energy. I t was to take until 1961 before the first provisional
IAEA safeguards system could be set up and even then this only
covered specific nuclear facilities and materials which had been
supplied on the condition that the recipient country would submit
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them to Agency safeguards. All other facilities and materials, either
already present in the country or to be acquired through other
channels, would not be subject to IAEA control. This f i rs t IAEA
safeguards system was revised and extended in 1965.
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At the time of the negotiations on the setting-up of Euratom and
the IAEA, the negotiations on disarmament between the Super Powers
were under way again. In the mid-fifties both the United States and
the Soviet Union had the hydrogen bomb and thus the capacity to
inflict terrible damage upon each other, but both were becoming
increasingly aware of the dangers of all-out nuclear war. The arms
control measures proposed between 1955 and 196 3 were mainly directed
at preventing surprise attacks, at avoiding accidental war and at
curbing the nuclear arms race.

One of the major issues was the question of banning nuclear weapon
tests. The tests conducted by the atomic powers were causing great
concern a l l over the world on account of the possible harmful
effects of radioactive fall-out on health. I t was the Indian Prime
Minister, Nehru, who launched the idea of a standstill in nuclear
weapon tests in 1954. But is was to take until 5 August 1963 before
the Partial Test Ban Treaty, prohibiting nuclear explosions in the
atmosphere, in outer space and under water, was signed by the
United States, the Soviet Union and the United Kingdom. To this day
no agreement has been reached on a Complete Nuclear Test Ban, that
is a ban including underground explosions.

Nuclear proliferation can be divided into vertical and horizontal
proliferation, the former meaning the expansion and refinement of
the arsenals of nuclear weapons kept by the existing nuclear-weapon
states and the latter meaning the expansion of the number of nuclear-
weapon states. I t can be said that in the early and middle fifties
vertical proliferation was seen as the more imminent danger, whilst
by the end of the decade concern was growing about the threat of
horizontal proliferation. The ban on nuclear tests was intended to
curb both forms of proliferation. Such a ban, however, would not
preclude the possibility of nuclear-weapon States transferring
nuclear arms to countries not yet having them.

Apart from the idea of a test ban, two different approaches evolved
to the problem of preventing the spread of nuclear weapons: firstly
the creation of nuclear-free zones in which all nuclear weapons
would be prohibited on a regional basis and, secondly, the
conclusion of a world-wide treaty which would specifically ban the
transfer of nuclear weapons by the nuclear powers and the acquisition
or manufacture of nuclear weapons by states not possessing them.

The idea of nuclear-free zones has been discussed in the United
Nations and elsewhere on many occasions since 1956, and in connection
with many geographical areas including Central Europe, the Balkans,
Latin America, Africa, the Middle East, Asia and the Pacific. The
main obstacle to creating a nuclear-free zone i s , of course, the
fact that a l l countries in the region have to participate. So far
only the Latin America countries have reached agreement on the
creation of a nuclear-free zone.
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From 1958 Ireland was pressing within the UNGA for an international
treaty on non-proliferation. The need for such a treaty was further
highlighted by the French nuclear explosions in February and March
1960. The UNGA unanimously adopted an Irish resolution in 1961 in
which an appeal was made to a l l countries to work towards the
drawing up of a non-proliferation treaty.

A policy of non-proliferation which aims only to prevent horizontal
proliferation naturally contains an inherent discrimination between
nuclear and non-nuclaar states. Some of the non-nuclear countries
feel particularly aggrieved by this discrimination. I t is obvious,
therefore, that many of the non-nuclear states will only be
prepared to forego nuclear armaments in the long-term if the nuclear
states in their turn demonstrate their readiness ultimately to give
up or at least to reduce substantially their nuclear armaments. If,
however, no sign of such readiness is given, even a non-proliferation
treaty will not be able to prevent the spread of nuclear weapons in
the long term.

Interest in bringing about a non-proliferation treaty increased
considerably after China succeeded in performing a nuclear explosion
in 1964, much earlier than had been thought possible. The pros and
cons of including nuclear arms in the national arsenals were then
weighed in several countries, with intensive discussion being
conducted in India, to give just one example. At the same time the
pattern had now emerged of a "club of nuclear-weapon countries"
corresponding to the Big Five which under the UN Charter had a right
to a permanent seat in the Security Council. Many began to fear that
as soon as another country joined the club a psychological threshold
would be crossed, making i t yet more difficult to counter a
continuing spread of nuclear weapons.

The effect of this growing concern was that the negotiations in the
"Eighteen Nation Committee on Disarmament" on a non-proliferation
treaty really got under way for the first time. In 1965 both the
United States and the Soviet Union submitted drafts for a treaty,
but the two versions s t i l l differed widely in content, especially
with regard to the question of what forms of cooperation between
nuclear and non-nuclear countries in the matter of nuclear weapons
should be prohibited by a non-proliferation treaty. This question
continued to be a major stumbling block until agreement on i t was
finally reached in direct high-level consultations between the
United States and the Soviet Union at the end of 1966.

S.

• " • •¥

In the summer of 1966 the US introduced a new issue into the
negotiations, that of nuclear explosions for peaceful purposes.
Since the technology for the manufacture of nuclear explosive devices
for peaceful purposes is no different in essence from the technology
for the manufacture of nuclear weapons, the US proposed that the
prohibition clauses to be included in a non-proliferation treaty
should refer not only to nuclear weapons but equally to nuclear
explosive devices for peaceful ends. There were already rumours
at that tirna that the Indian government was planning a nuclear
explosion for peaceful purposes. The Soviet Union and most of the
other members of the Disarmament Committee supported the American
idea. India and Brazil, however, violently rejected i t .

§

I



12

8

•m

%

8=5

fe

•pi
5 • '- •

. ; >>•

I
I
i-

The question of measures for international control over the peaceful
use of nuclear energy as a safeguard against the manufacture of
nuclear weapons became another major controversial issue in the
negotiations. The American 1965 draft had contained only the vague
provision that "Each of the States party to the Treaty undertakes
to cooperate in facil i tating the application of IAEA or similar
international safeguards on a l l peaceful nuclear act ivi t ies" . The
Soviet draft had contained no provisions on the issue. But in 1966
the United States went considerably further. I t proposed that a
binding undertaking by the non-nuclear-weapon States to accept
international safeguards on a l l their peaceful nuclear act ivi t ies
be included in the non-proliferation treaty. In i t ia l ly the Soviet
Union confined i t se l f to stating i t s readiness to consider in due
course how the application of IAEA safeguards could be regulated
in a non-proliferation treaty, once agreement had been reached on
the other principal elements of such a treaty. When at the end of
1966 agreement was achieved between the Americans and the Soviets
on the question of what forms of cooperation concerning nuclear
weapons should be permitted between a l l ies , the Soviet Union stated
that is was prepared to accept the worldwide application of IAEA
safeguards to the nuclear act ivi t ies of non-nuclear-weapon States
parties to the treaty.

Difficulties arose, however, with a number of Western European
countries, which did not wish the existing Euratom control to be
eliminated as a result of such an arrangement. Negotiations were
conducted during the whole of 1967 on a compromise which could
enable a substantial role to be assigned to Euratom in the application
of safeguards under the non-proliferation t reaty , without detracting
from the principle that ultimate responsibility for the verification
of compliance with the treaty should rest with the IAEA. After
agreement was finally reached between a l l parties concerned, the
negotiations were brought to a close early in 1968. Brazil and India
continued to oppose the draft treaty in both the Disarmament
Committee and the United Nations. One of their objections was that
peaceful nuclear explosive devices were equated with nuclear weapons,
but they also thought that the nuclear-weapon states party to the
treaty should accept more precise obligations to curb their own
build-up of nuclear arms.

The Treaty on Non-Proliferation was opened for signature on 1 July
196 8. The question of safeguards was regulated in Article I I I ,
paragraph 1, which provides that each non-nuclear-weapon State party
to the Treaty undertakes to accept safeguards that shall be applied
on a l l source or special fissionable material in a l l peaceful nuclear
act ivi t ies within i t s terr i tory, under i t s jurisdiction or carried
out under i t s control anywhere. The exclusive purpose of these
safeguards is to verify the fulfilment of i t s obligations under the
Treaty not to manufacture nuclear weapons or other nuclear explosive
devices. The safeguards to be accepted shall be set forth in an
agreement to be negotiated and concluded with the International
Atomic Energy Agency within a certain time-period after the entry
into force of the Treaty.
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In this fashion the Treaty created an entirely new basis for the
application of safeguards under the auspices of the IAEA. Up t i l l
then there had been only a limited application of Agency safeguards
to specific nuclear activities in a country, but henceforth the
non-nuclear-weapon countries that adhered to the Treaty on Non-
Proliferation would be obliged to accept safeguards on all their
civil nuclear energy activities. The treaty left the precise form
and character of those safeguards to be worked out in negotiations
between the Vienna Agency and the individual countries or groups
of countries.

In practice a different arrangement was made. After the Treaty had
come into effect in 1970, the Agency set up an open-ended committee
whose terms of reference were to draw up guidelines for the
negotiations to be held by the Director General in accordance with
the treaty. What i t boiled down to was that the members of the
Agency negotiated between themselves within the committee on the
system of safeguards to be used in order to comply with the treaty
provision referred to. The Committee brought i t s work to a
successful conclusion in 1971 by drawing up a set of guidelines
which have come to be known as the "model agreement". This model
agreement has assigned an important role to national systems of
accounting for and control of nuclear material. The Committee's
recommendations thus enabled the Agency to make appropriate use of
existing national or regional systems of accounting and control like
that of Euratom.
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The new system of safeguards also differed in various other respects
from the traditional IAEA system of 1961/1965. Mr. Rometsch will
undoubtedly say more about this point. I wish only to draw your
attention to one difference: the safeguards based upon the NPT are
intended to prevent nuclear materials being used for nuclear
weapons or other nuclear explosive devices, whilst the safeguards
of the earlier system aim at preventing materials or facilities
being used for any military purpose. On the one hand, the NPT
safeguards exclude only one category of military application, the
manufacture of nuclear weapons, and permit other possible military
uses such as the propulsion of submarines. On the other hand, one
category of peaceful application is also excluded, namely the
manufacture of nuclear explosive devices for peaceful ends, since
this is subject to the same prohibition provisions in the Treaty
as nuclear weapons. The earlier safeguards regulations and also
the bilateral agreements on cooperation concluded in the past by
such countries as the United States, the United Kingdom and
Canada, did not exclude the manufacture of nuclear explosive
devices for civil purposes (or at least did not do so explicitly).
This also applies to the cooperation agreements between Canada and
India to which I shall return presently.

Whilst Article I I I , paragraph 1 relates to the application of
safeguards on the territory of non-nuclear-weapon parties to the
NPT, paragraph 2 of the Article sets out obligations to which al l
parties to the treaty are subject as regards exports of their
nuclear materials and equipment. This paragraph provides that the
parties shall not supply nuclear materials or equipment to non-
nuclear-weapon states, unless the materials and equipment are subject
to the safeguards required by the article. This provision is relevant
only for exports to countries that are not party to the NPT, as the
safeguards requirement is always automatically met in the case of
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exports to non-nuclear-weapon states that are parties to the Treaty.
For, by virtue of Article I I I , paragraph 1, the entire nuclear fuel
cycle in these countries will already have been subject to
safeguards.

Two questions arise in connection with the implementation of
paragraph 2 of Article III : what materials and equipment does this
provision refer to and what sort of safeguards are required?

Over a period of years a number of supplier countries, including the
Netherlands, met on an informal basis in Vienna, under the chairman-
ship of Professor Zangger from Switzerland, in an effort to reach
agreement on the first question. For i t would have been quite
possible for one country to impose more lenient export requirements
than another and thus distort competition.
The outcome of these talks was a l i s t , known as the Trigger l i s t ,
of materials and equipment whose export to non-nuclear-weapon states
not party to the NPT would only be allowed if subject to safeguards.
The joint export regulation of the zangger group was published as an
IAEA document.
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We now come to the second question of what the safeguards required
under paragraph 2 of Article III should be. In principle they
correspond to those under the old IAEA system. As I have already
mentioned, this system is directed more towards safeguards for
individual facilities. The general opinion prevailing at the time
of the negotiations on the NPT was that i t would be going too far
to make control of the entire fuel cycle a requirement if a country,
for example, were to import a component for a facility from a
country party to the NPT. Consequently, NPT parties which export
nuclear materials or equipment to non-NPT parties are only obliged
under the treaty to ensure that what they have supplied will be
subject to safeguards in the importing country.

At this point I should like to underline the fact that there is
therefore a distinction - viewed as discrimination by some countries -
between parties and non-parties to the NPT as regards the safeguards
they have to accept. Complaints about this situation clearly emerged
during the Review Conference on the NPT which was held in Geneva in
May of last year.

During the conference various countries urged that parties to the
non-proliferation treaty should only supply nuclear materials and
equipment to non-nuclear-weapon countries which were not parties
to the treaty if the countries concerned subjected al l their
peaceful nuclear activities to IAEA safeguards. Although there was
fairly general support in the Review Conference for the idea of
endeavouring to introduce such a regulation for the future, a number
of major exporting countries were not prepared to commit themselves
to i t at that juncture. One problem i s , of course, that if such a
system is to be effective, the participation of al l supplier
countries is essential, including those outside the NPT, such as
France. Another problem is to what extent i t is politically
acceptable to make such a far-reaching requirement. Obviously, an
exporting country bears a special responsibility for what i t supplies
and can therefore impose a condition that the items supplied are not
to be used for nuclear armaments. But the question has been raised
as to whether, if countries make i t a condition of a certain
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delivery that the recipient country must accept safeguards on a l l i t s
nuclear activit ies, this does not mean that the exporting country is
using i t s position as supplier to set a poli t ical requirement which
has no direct connection with the delivery i tself .

The Netherlands government's position on the matter was expounded
in the Disarmament Memorandum which the Government presented to

jjl-j Parliament in June 1975. I t stated that from the point of view of
| H non-proliferation i t s was desirable to require that the whole fuel

«
p q

cycle of the recipient country in any case be subject to safeguards
iin the case of exports, to non-nuclear-weapon countries not party

j , r t t o the NPT, of nuclear material , equipment and technology which
p could easi ly be used for the manufacture of nuclear weapons. This „ . ^

' applies in pa r t i cu l a r to equipment and technology for the enrichment ^ : %.
P | of uranium, reprocessing and heavy water production. These are i ! | j
|>| generally regarded as sensi t ive areas from the point of view of / ' |J:
W\ preventing the spread of nuclear weapons. Accordingly, the :: '• f̂
tf«J Government stated that i t would make this requirement in connection £ ; g£
!|f| with the joint Netherlands-British-German project for the enrich- ^ fe
|lji ment of uranium by the ultracentrifuge process. The Netherlands .••; | |
| | | will therefore only cooperate in the export of UC technology on I fJ
ill condition that IAEA safeguards are applied to the entire nuclear J S|
p | fuel cycle of the non-nuclear-weapon states involved. J §|

It;;! The reason for making the requirement of full-scope safeguards for :ij >§?
§ § | the export of sensitive technology in particular is that otherwise ?.? ^
Iff] a country which had imported this technology under safeguards could -I $";
l0, apply the technology i tself in non-controlled parts of i t s fuel f §
||j cycle and could in this way develop the capability to manufacture f j |
H| nuclear weapons. ! D

Hi In connection with the endeavour t o promote acceptance of full-scope • W
|ji safeguards by non-nuclear-weapon countries which are not p a r t i e s to ft
p the NPT, the Board of Governors of the IAEA, a t the ins t iga t ion of = ;/-
j§a the United Kingdom, directed the Secretariat of the Agency to study |
*j|j the possibility of designing a third safeguards system, to operate j &'.
Ifj alongside the two existing ones. This would be a safeguards system | sj
!g|; specially for those countries which would be prepared to place a l l /; B
|f; thei r nuclsar act ivi t ies under Agency safeguards but which for .'{>. . . |f
|gi po l i t i ca l reasons - for instance because of the discriminatory I %
I|i character of the NPT - did not wish to become parties to the non- ';• p
|g proliteration treaty. '•; |%

lUgl Of course many other aspects of the t rea ty were considered during s |5:
0; the Review Conference of pa r t i e s to the NPT in May 1975. Much 3 !§
||i d i ssa t i s fac t ion was expressed a t the lack of progress made towards J
| | ; curbing ver t ica l p ro l i f e ra t ion . The NPT contains only one provision 'H

j§|; r e l a t i ng to th is poin t (Article IV) which obliges nuclear-weapon >
s t a t e s which are pa r t i e s to the t r ea ty "to pursue negotiations in "^
good fai th on effect ive measures re la t ing to cessat ion of the ;̂
nuclear arms race a t an early date and to nuclear disarmament". |-
Negotiations have indeed been conducted, but the resu l t s have H

||jj been meagre. The nuclear-weapon s t a t e s have s t i l l fai led to agree - | |
p on put t ing a stop t o the i r underground nuclear t e s t s . Although the \ ~L
Hi s t r a t e g i c arms l i m i t a t i o n t a l k s (SALT) begun i n 1969 between the j | r

| | ; United Sta tes and the Soviet Union did produce two agreements i n % |
If; 1972 on the limitation of anti-bal l is t ic missile systems and of j |
p* strategic offensive arms, the continuing SALT negotiations since " t
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then have s t i l l not resulted in the conclusion of further agreements.
During the Review Conference the non-aligned countries tried to
persuade the Soviet Union and the United States to accept binding
timetables for ending their nuclear tests and for reducing their
nuclear-weapon arsenals, but the two powers were not prepared to do
this.

As far as the peaceful use of nuclear energy is concerned, the Review
Conference was concerned with questions other than the safeguards
issue alone. One of these was the physical protection of nuclear
materials and facilities to prevent theft and sabotage. Another
idea supported by the conference was that of establishing regional
or multinational nuclear fuel cycle centres, both for economic
reasons and non-proliferation purposes, because this might reduce
the need for national reprocessing and enrichment facilit ies. The
conference was of course also concerned with the question of nuclear
explosions for peaceful purposes. Article V of the NPT provides that
nuclear-weapon states may carry out such explosions on behalf of
noii-nuclear-weapon states. Studies are under way within the IAEA on
working out the necessary arrangements.

Although the non-proliferation treaty may continue to be regarded
as one of the cornerstones of world arms control policy, i t is
nevertheless true that the policy to stop the proliferation of
nuclear weapons is being increasingly threatened by a number of
factors and developments. One of these, and perhaps the most
important, is the dissatisfaction of many countries xith the slow
progress of the arms control consultations designed to curb vertical
proliferation, the two super powers being the main target of
criticism. The problem of nuclear energy supplies and efforts towards
self-sufficiency in this area, encouraged by the oil crisis of 1973,
are also playing an increasingly significant role. In addition, the
security problems of some countries, and prestige considerations of
others, are having their effect on non-proliferation policy.

An event that sent political repercussions throughout the world was
the Indian nuclear explosion of 18 May 19 74. The shock was felt
particularly keenly in Canada, a country whose non-proliferation
policy is virtually identical with that of the Netherlands. The
plutonium used for the explosion proved to have originated from
a reactor - the Cirus - supplied by Canada in the fifties, to
which neither bilateral nor IAEA control applied. Ths only agreement
about the reactor was a bilateral undertaking to use i t only for
peaceful purposes. The Indians were thus in a position to separate
the plutonium produced by the Cirus for explosive uses in a re-
processing facility they had built themselves, without danger of
discovery. The Indian nuclear explosion was one of the incentives
for a Netherlands-Japanese-Canadian initiative in the UN assembly
in 1974, when they submitted a resolution establishing explicitly
that peaceful nuclear explosive devices are technically
indistinguishable from nuclear weapons, and calling for a study
by the CCD - the Geneva disarmament committee - of the arms control
implications of peaceful nuclear explosions.

Other events that have increased the significance of the question
of nuclear exports to non-parties to the NPT are the big nuclear
transactions of recent months, which have been prominently reported
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in the world press (for example those between Germany and Brazil,
France and Pakistan, and France and South Africa, and American
cooperation with Egypt and Israel).

These developments formed a backdrop to the secret consultations
which started in London last year among seven countries exporting
nuclear equipment and materials, in order to agree upon common rules
of conduct with regard to exports to non-nuclear-weapon states.
The countries concerned were the United States, the Soviet Union,
the United Kingdom, France, the Federal Republic of Germany, Canada
and Japan. This year they invited seven other countries, including
the Netherlands, to pursue a similar export policy and to take part
in the discussions. At the end of March the Netherlands announced
the minimum principles that i t will observe in i t s nuclear export
policy, with due regard for the London consultations.

Probably the most important aspect of the London club is that France
is participating. France .has always dissociated itself from the
non-proliferation treaty, for reasons of political principle, but
now for the first time its cooperation in international consultations
to promote the non-proliferation of nuclear weapons has been obtained.
In view of this, i t is understandable that the London rules of
conduct do not specifically go into the question of whether recipient
countries are parties to the treaty or not, in contrast to the
Zangger regulation, which in fact only refers to exports to non-NPT-
parties.

Certain elements from the Zangger regulation have been refined in
the London rules of conduct, while at the same time these rules
deal with certain questions not covered by the NPT. For example,
they deal with the question of the physical protection of nuclear
materials and installations. The London consultations also cover
the export of technological know-how, where i t relates to enrichment
facilities, ••^processing facilities and facilities for the production
of heavy water.

Discussions such as those going on in London are indicative of a
number of new ideas which are emerging nowadays on the relationship
between the peaceful application of nuclear energy and non-
proliferation policy. Of course i t is s t i l l of paramount importance
to encourage as many non-nuclear-weapon countries as possible to
become parties to the treaty, and also to urge that non-nuclear-
weapon countries which prefer not to accede to the treaty nevertheless
accept safeguards on their entire civil nuclear energy activities.
But the idea is very much alive that i t is desirable to go s t i l l
further incorder to reduce the danger of proliferation to a minimum.
Moreover, we must not forget that a government which is party to
the NPT always has the right to withdraw from i t "if i t decides that
extraordinary events, related to the subject matter of the Treaty,
have jeopardised the supreme interests of i t s country".

Various suggestions have been made to improve the inherent safety
of the international nuclear fuel cycle. I have already referred
to the idea of regional or multinational fuel centres. The possibi-
li ty of organizing some form of international management of
Plutonium and nuclear waste is also being discussed. Further there
is the policy line accepted by a number of exporting countries to
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observe restraint regarding the export of sensitive equipment and
technology, a policy that the Netherlands government endorses.

The ideas expounded by President Ford in his statement of 28 October
are very interesting. Mr. Ford said "I have concluded that the
reprocessing and recycling of plutonium should not proceed unless
there is sound reason to conclude that the world community can
effectively overcome the associated risks of proliferation".
The most striking remark;was the President's call upon a l l nations
to exercise maximum restraint in the transfer of reprocessing and
enrichment technology and facilities by avoiding such sensitive
exports or commitments for a period of at least three years.
This would allow suppliers and consumers to work together to
establish reliable means for meeting nuclear needs with minimum
risks, as the wisdom of plutonium use is carefully assessed.

Statements made by the American president elect, Jimmy Carter, lead
us to believe that the new American administration will certainly
be no less forceful in i t s approach to the problem of proliferation.
That the present American government has already drawn the attention
of the world to the fact that there are crucial problems at stake
which require urge/.c reflection and discussion^ is very much to
be appreciated. Probably the most important aspect of President
Ford's proposals is that they open up prospects for a dialogue
between supplier countries and consumer countries. The French
government, too, pointed out the importance of such a dialogue
a few months ago.

The Netherlands government i s able to support the idea of a
temporary suspension of sensitive supplies in principle, assuming
that the breathing space will be used for international
consultations on these lines.

I t is to be hoped that in such a dialogue awareness might grow
among consumer countries that proliferation of nuclear weapons,
notwithstanding what has been achieved through the NPT and the IAEA
safeguards, remains a problem to which the international community
must find solutions as a matter of urgency. At the same time
awareness might grow among the technologically advanced countries
that in the contemporary world nuclear technology is not simply
something that they can keep to themselves, i t will have to be
shared with the countries that have a legitimate need to i t .

However, one should not underestimate the difficulties of such an
international dialogue. The recent intensive contacts between the
major supplier countries already have evoked feelings of displeasure
with many important potential consumer countries. Obviously, these
countries fear the creation of a cartel by the supplier countries.
During the current United Nations General Assembly, Nigeria voiced
this displeasure by claiming that there is now also a discrimination
created between NPT parties. The nuclear have-nots amongst them
are not given the right to participate in the consultations on the
strengthening of the non-proliferation regime, as they are at
present being conducted amongst the major supplier countries. This
attack of a country which has always been such a fervent advocate
of the cause of non-proliferation, proves the correctness of
President Ford's position that a dialogue between supplier and
consumer countries is urgently needed.
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Besides that, there is the problem of which attitude is to be adopted
towards those countries that/ for whatever reason, refuse to become
party to the NPT. As regards sensitive supplies the Netherlands
Government i s , as I have already said, in principle in favour of a
moratorium such as has been proposed by President Ford as well as
the President elect, Carter. There are, however, also proposals to
exclude non-NPT parties from any form of peaceful nuclear cor iration.
The thought behind these proposals is that one should not make i t
too easy for these countries to remain outside the NPT. By assisting
them in building a nuclear system of their own, one would frustrate
any incentive to accede to the NPT. I t i s , however, very much the
question whether i t is possible to force countries in this way to
accede to the NPT, countries that for their own reasons - which are
of a very different nature in each case - reject the NPT. One has to
continually calculate the risk that in this way a club is being
formed of non-NPT parties who in mutual cooperation are going to set
in motion a nuclear development process which necessarily sooner or
later will comprise the whole nuclear fuel cycle. This risk is
aggravated by the fact that in a l l probability no IAEA-safeguards
will be applied to these activities, nor to exports from these
countries if they would ever become suppliers. What should be worked
at is a regime whereunder safeguards requirements are the same for
NPT parties and non-NPT parties, not at a system whereby non-NPT
parties are excluded from supplies. I t is against this background
that the recent proposals by President Ford are to be understood
that supplies of enriched uranium will have to be guaranteed to all
consumer nations. The President elect, Carter, has equally taken
that position, without making any distinction between NPT parties
and non-NPT parties: "To assure the developing countries of an
assured supply of enriched uranium to meet their nuclear power needs
without the need for reprocessing, the United States should.- in
cooperation with other countries, assure an adequate supply of
enriched uranium".
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The question w h i c h safeguards measures will have to be applied
in this context is a matter that will have to be discussed and
settled as soon as possible. Commercial interests may thereby not
be decisive. The only guideline in finding the balance in these
far from simple questions may be the strengthening of the non-
proliferation regime. Simple answers may have the appeal of
simplicity/ they however offer seldom a solution. What matters is
to create an inherent safe fuel cycle. To create this is certainly
one of the most pressing challenges confronting the international
community and, indeed, humanity as a whole. For this reason a
joint effort of producing and consumer countries is urgently needed.
Time is running out, but there is s t i l l time left. We should use
this time and not just let i t pass by.
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NPT AND THE ROLE OF THE
INTERNATIONAL ATOMIC ENERGY
AGENCY IN SAFEGUARDS

by

R. Rometsen

1 The Non-Proliferation Treaty

The Treaty on the Non-Proliferation of Nuclear Weapons is a very
important measure attempting to reduce the risk of a nuclear war
while promoting the peaceful use of nuclear energy. The idea of
such a Treaty was lanced in 1958 by the Delegation of Ireland at
the General Assembly of the United Nations. I t took ten years
and at least as many resolutions - by the UN General Assembly,
by the African Heads of State and Government, by the Conference
of Heads of State or Governments of Non-Aligned Countries, by
the Eighteen Nation Committee on Disarmament - a l l adopted i t
with great majorities - until the Treaty on the Non-Proliferation
of Nuclear Weapons (NPT) was opened for signature at London,
Moscow and Washington on 1 July 1968 and signed on the same day
by the United Kingdom, the USSR, the United States of America and
more than fifty other States. On 5 March 1970 a sufficient number
of ratifications was reached so that the Treaty could enter into
force.

The Nuclear Weapon States party to the Treaty undertake not to
transfer to any recipient whatsoever nuclear weapons or other
nuclear explosive devices or any assistance for acquiring such
devices. The Non-Nuclear-Weapon-States party to the Treaty under-
take not to receive, not to manufacture or otherwise acquire
nuclear weapons or other nuclear explosive devices, nor to seek
or receive any assistance for such manufacturing. In addition the
Non-Nuclear-Weapon-States undertake to conclude a safeguards
agreement with the International Atomic Energy Agency (IAEA) for
the exclusive purpose that this organization verifies the fulfil-
ment of the States obligations not to divert nuclear energy from
peaceful purposes to nuclear weapons or other nuclear explosive
devices. All States Party to the Treaty undertake also not to
provide nuclear material, nor equipment and material especially
destined for the production of special fissionable material,
to any Non-Nuclear-Weapon-State unless these items are subject
to the same IAEA safeguards.

The role of the IAEA in connection with the NPT is clearly defined
(and limited) by the Treaty itself. I t is to apply safeguards in
accordance with the Agency's Statute and the Agency's Safeguards
System. The IAEA has no mandate to represent the interest of the
Parties to the NPT or any other supra-national interests. I t has
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been chosen to verify the fulfilment of the obligations of the
NPT-parties because i t is the most representative and authoritative
international organization for cooperation in the field of nuclear
energy; i t continues to apply safeguards also in accordance with
agreements concluded by States not party to NPT. Its working
principles are those applied in UN-type organizations: to reflect
the consensus of all its Member States.

2 IAEA safeguards

The Statute of the IAEA lays down the objectives in Article II
to be:

"The Agency shall seek to accelerate and enlarge the
contribution of atomic energy to peace, health and
prosperity throughout the world. I t shall ensure, so
far as i t is able, that assistance provided by i t or
at i ts request or under i t s supervision or control
is not used in such a way as to further any military
purpose".

I t further stipulates that the above mentioned safeguards shall be
applied at the request of States. On the basis of such requests
the Agency has concluded up to now 139 safeguards agreements.*
The first one in 1961, long before agreements were required by the
NPT. Three types of agreements have been requested. Firstly, those
connected to IAEA sponsored projects, the negotiation of which was
automatically done at the moment of formulation of the project
itself. A second type of agreement resulted from bilateral
cooperation agreements, originally those concluded between USA and
some 30 states in which safeguards clause was always contained
establishing the right of the USA to inspect the peaceful use of
supplied equipment and material in the receiving state. At the
request of both the supplier and the receiving state the safeguards
rights were later on transferred to the IAEA. For that purpose a
trilateral agreement, often called transfer agreement, with IAEA
as third partner, was concluded. Finally, there have been a number
of cases in vhich a state requested unilaterally to subject to
safeguards certain nuclear facilities or in one case even the
entire nuclear activity of the state.

In order to meet al l these safeguards requests in a consistent way
the Agency had developed a safeguards system laid down in the
document INFCIRC/66, and i t s revisions in the form of guidelines
for conclusion of safeguards agreements. The technical implementation
of the agreements was further defined in subsidiary arrangements
which contained attachments for each facility subject to safeguards.
Over the years, along with increased experience, those documents
were adapted to new types of facilities and newly developed
safeguards techniques.

After the coming into force of the NPT this development was
accelerated and new elements were brought into the safeguards
agreements. An outstanding example in this respect is the tri lateral
safeguards agreement between the Federal Republic of Germany,
Brazil and the IAEA. In conformity with the spirit of the guidelines

I
tea

91

1

I
IB",'
5J--
3K:

fs?y

I
{•;•;•,

2?.?.-

H

* including these pursuant to NPT



22

the basic undertaking of the states party to the safeguards
agreement was re-formulated to read: "that none of the supplied
items shall be used for the manufacture of any nuclear weapon, or
to further any other military purpose, or for the manufacture of
any other nuclear explosive device". The termination clause of the
agreement was also improved to make sure that safeguards would
continue on al l nuclear material including subsequent generations
of produced special fissionable material until such material has
been used up or transferred out of the state in accordance with
the safeguards requirements. The latter i s , of course, also valid,
mutatis mutandis, for equipment specially designed or prepared for
production, processing or use of nuclear material. Of particular
importance is that also facilities or equipment designed, constructed
or operated on the basis of relevant technological information
transferred between states would be subject to safeguards. In fact,
even any nuclear facility or specified equipment if i t s design,
construction or operation is based on the same or essentially the
same physical or chemical processes as those used in transferred
items or contained in technological information transferred as such
would also become subject to safeguards. In the above mentioned
trilateral agreement Brazi1/FRG/IAEA the transferred technological
information is also technically specified by mentioning the
different stages of the fuel cycle covered and in the bilateral
agreement also the type of process is mentioned, e.g., for
enrichment the nozzle process.

All these improvements of safeguards agreements with States not
Party to NPT are designed to make the safeguards coverage as
complete as possible. They are meant to compensate for the fact that
these States do not generally submit al l nuclear activities to
safeguards but basically only the imported nuclear items.

"3.
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The necessity to subject to safeguards the fruits of transfer of
technological information in states not Party to NPT exists also
in connection with the technical assistance provided by the IAEA.
Such technical assistance consists in most cases solely of the
transfer of technical information and know-how, but also in case
of transfer of hardware technical know-how is invariably
incorporated in i t .

Therefore, in analogy to the special paragraphs dealing with this
matter in the more recent safeguards agreements, the Agency is
requesting the conclusion of a safeguards agreement covering the
possible results of technical assistance, whenever the latter is
related to a sensitive part of the nuclear fuel cycle, such as
enrichment or reprocessing for plutonium separation.

The complexity of safeguards agreements dealing with particular
nuclear items and all the ramifications given by the necessity to
follow up special fissionable material through generations whenever
i t is produced or processed by such items compares unfavourably
with the simple and all encompassing safeguards agreements
concluded in connection with NPT. The IAEA has been requested to
study the possibility of formulating a socalled "full scope
agreement" for states not Party to NPT. Agreements concluded
according to this model would have the same general coverage as
those in connection with NPT, however, they would have to be
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completed with regard to the basic undertaking of the state and
with regard to the duration. Both these questions are solved in
agreements connected to NPT by reference to the NPT.

I
3 Safeguards in connection with NPT

Immediately after the coming into force of the Treaty on the Non-
Proliferation of nuclear weapons in March 19 70, the IAEA convened
a Safeguards Committee open to a l l Member States. The task of this
Committee was to recommend how the Agency should carry out the
safeguards task in connection with NPT. In a nine months effort
over 50 delegations elaborated a model agreement which was laid
down in INFCIRC/153 under the t i t l e "The Structure and Content of
Agreements between the Agency and States required in Connection
with the Treaty on the Non-Proliferation of Nuclear Weapons".

I t would take too much time to describe the entire model agreement
which consists of 109 articles. However, I would like to mention
the essential features of the NPT safeguards which brought about a
new understanding of the problems involved, maintaining as a basis
the Statute and the so far developed safeguards system of the
Agency. •

The essential idea was to come away from the open-endedness of the
previous safeguards agreements and find a balance of rights,
obligations and protections for both parties involved in the
safeguards agreement, namely the IAEA as well as the states or
groups of states. To this end i t was for instance agreed that the
states should establish and maintain a system of accounting for
and control of nuclear material, that the Agency should verify the
finding of this national system inter alia by independent measure-
ments and observations conducted by i ts inspectors. The lat ter
procedures were specified extensively in Part II of the agreement,
contrary to the situation with respect to the previous safeguards
agreements where such details were left to subsidiary arrangements.

The four major procedural elements of any safeguards application
are laid down in a number of Articles in Part I I : the first deals
with the design information the Agency should receive on a l l
nuclear facilities in order to be able to prepare effective
safeguards procedures. The purposes of examination of such design
information are described in detail. The second group of procedures
concerns the records system according to which facility operators
and the state system should keep track of their nuclear material.
With the details of the record system the accounting system is
selected. I t foresees that movements of nuclear material between
material balance areas are recorded to establish a running book
inventory. At the end of each material balance period a physical
inventory is taken and the difference between book inventory and
physical inventory, the socalled "material unaccounted for" (muf)
and i ts uncertainty are established. The third group of procedures
deals with reporting of the state to the IAEA. Reports are
obviously based on the records, but contrary to the latter which
contain all source data needed to determine nuclear material
quantities the reports convey only the composition of the batches
and the quantities themselves.
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The fourth group of procedural elements is the most important, it
relates to inspections. In addition to a full definition of purpose
and scope there are also given two major constraints. One of them
is limiting the access for inspections to strategic points at
which the flow of nuclear material should.be measured and^yerified.
The second" constraint :fixes::the£maximum routinei* inspection ef f brt
in respect of 7four different^categories pf faciiities) and -material
balancef*areas routsideffacilities?In relation r to-Ithe maximum
routine; inspection; rights criteria -are¥ given -on jwhich to base the
elaboration of the actual inspection effort needed to fulfill the
safeguards ̂ objective defined also in the agreement. Perhaps the
most important criterium which presents on the other hand quite
some difficulty in its application is the stipulation to take into
account the effectiveness of the state accounting and control system
when fixing the inspection effort. This is the article which made
it possible to make a special coordination arrangement with EURATOM
which plays in this context the role of the States' accounting and
control systems.

The Board of Governors of the IAEA has requested the Director
General to use the model agreement INFCIRC/153 as the basis for
negotiations with all states or groups of states party to NPT. In
practice it has been proven possible to use the model with only
minor changes even for complicated cases like the EURATOM states.
In connection with the latter with the help of an international
expert panel a special rationale has been developed how
verifications by States' systems can be taken into account by the
Agency. This rationale must eventually be applicable indiscriminate-
ly for agreements with all States ready to use or build up a States'
verification system. So far besides EURATOM States only Japan has
chosen to do so.

A four-year experience i.i application of NPT safeguards has led to
a number of improvements in practice. The necessity to quantify
the objective defined by the agreement which is

"The timely detection of diversion of significant
quantities of nuclear material from peaceful
nuclear activities to the manufacture- of nuclear
weapons or of other nuclear explosive devices or
for purposes unknown, and deterrence of such
diversion by the risk of early detection."

led to thorough discussions between international experts on what a
significant quantity really is. At present the Agency is using as a
guideline that such significant quantities should be compared with
a threshold amount of nuclear material needed to manufacture one
nuclear explosive device. For the different categories of nuclear
material this guideline permits to define actual quantities of
material to be detected, if missing, for each facility. These goal
quantities are an essential parameter to predetermine safeguards
effectiveness. Therefore they are under continuous scrutiny and
review by a Standing Advisory Group of international experts
selected by the Director General of IAEA.
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The working out of quantified technical objectives has also led to
the laying down of specific inspection practices for each individual
facility subject to safeguards. These practices are related to
typical procedures worked out and published in the Safeguards
Technical Manual, but incorporate also the specific experience at
each facility as well as the confidential information on the design
and operation of each facility.

Lately, in public discussions, there has been much criticism and
doubts expressed on the effectiveness of the IAEA's safeguards. The
criticism is related to the fact that the IAEA is obliged to report
only negative results of the safeguards work, namely, in case when
diversion or noncompliance is detected. In,the absence of a non-
compliance statement there is no report and no proof that everything
has been done to assure detection of diversion. I t is a logical
problem of any detection system to prove i t s effectiveness as i t is
in no case possible to define a posteriori the detection probability.
For that i t would be necessary to relate the total number of dive
diversion events to the number of diversion events detected, which
i s , of course, impossible. However, there is a way around the
difficulty which i s , with a view to establishing credibility to
describe the procedures applied and in the case of nuclear material
to establish the nuclear material accounted for and the accuracy
with which these accounts can be known.

The Director General of the IAEA has announced that a special
safeguards implementation report will be made to the Board of
Governors in 1977 for the first time. This report is designed to
provide the information needed to judge the effectiveness of IAEA
safeguards.
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4 The network of safeguards agreements

To date 10t) states have ratified the NPT Treaty.63 have negotiated
and concluded safeguards agreements in connection with the Treaty,
out of which 45 have entered into force. 76 safeguards agreements
have so far been concluded with States not Party to NPT. Due to
expiration or suspension in favour of a safeguards agreement in
connection with NPT, the Agency is now applying safeguards pursuant
to 43 agreements outside NPT.

When in the course of the next two years the important pending
agreements have entered into force, e.g., the one with EDRATOM
countries, then almost 90% of the peaceful nuclear activities in
the world will be covered by IAEA safeguards. Unfortunately, this
is not a sufficient degree of universality considering the nature
of the proliferation problem. Therefore incentives for further
expansion of the network of safeguards agreements have to be
maintained and complementary measures to reduce the probability
of proliferation of nuclear weapons have to be considered.
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5 Nuclear export policies 8

Paragraph 2 of Article III of NPT obliges each state party to the
Treaty not to provide nuclear material or equipment or material
especially designed or prepared for the processing, use or production
of special fissionable material to any non-nuclear weapon state unless
the items are subject to IAEA safeguards in the receiving state. To
assure compliance with this article, 15 potential supplier states
signatories or parties to the Treaty have established a Committee to
lay down the ground rules. This Committee known by the name of its
chairman as "Zangger Committee" has drawn up a so-called trigger list
and each state has informed the Director General of the IAEA of the
decision to observe the corresponding export policy. The trigger list
contains those items which shall not be exported unless safeguards
are applied in the receiving country. The trigger list and the
procedures followed are described in the Agency documents INFCIRC/209.

At the 1975 NPT Review Conference a number of delegations proposed
that states party to NPT should only export nuclear items to other
states party to NPT or states having concluded a full scope safeguards
agreement as mentioned above in paragraph 2. Unfortunately the
situation was not ripe for the general acceptance of such an export
policy. However, the initiative was taken to bring all possible
nuclear supplier States together for discussion of a common policy.
Several meetings have been held in London - the supplier countries
are known to have formed the "London Suppliers Club" - the results of
which are not yet made public. It is important to note that also a
non-NPT country, namely France, participates in these meetings aiming
at the formulation of a binding common export policy.

The purpose of such an export policy is dual: to limit the spread of
such nuclear items which could be used to manufacture nuclear
explosive devices and to create an incentive for either joining NPT
or concluding a full scope safeguards agreement. Underlying is the
wish to maintain the basic idea of NPT which is to further the peace-
ful use of nuclear energy everywhere against the acceptance of
improved safeguards.

6 Plutonium management under IAEA auspices

During the next two decades the spread of plutonium in spent fuel or
in separated form, represents the greatest potential dissemination of
the capacity to make nuclear explosives. Unless effective steps are
taken to prevent the propagation of national stock piles of plutonium,
the use of nuclear energy, which is otherwise beneficial and for many
States necessary, may become a cause of international insecurity and
tension. As a by-product of the peaceful nuclear energy production
about 25 tons of plutonium, mostly still in irradiated fuel, have
accumulated. A further accumulation of 300 to 600 tons is anticipated
during the next decade. The lower figure is valid if only existing
power plants continue operation and those under construction are
started up. The higher figure takes into account also new power plants
to date only in the project phase.

Such a situation with regard to plutonium production had been foreseen
by the drafters of the IAEA Statute already in 1956. Article XII.A.5
of the Statute stipulates not only that the Agency would approve
means for reprocessing of irradiated fuel, i.e., separate plutonium.
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but also the possibility that excess plutonium in any form would
be deposited with the Agency in order to prevent stock-piling of
that material the same article mentions also that the plutonium
would be promptly returned for specified peaceful uses.

These statutory provisions have up to now not been used in practice.
The anticipated growth of plutonium production indicates however
that a plutonium management system in the spirit of the IAEA
Statute would now be considered. The declaration of the OS President
on 28 October points in the same direction and even suggests a
three-year reprocessing moratorium with a view to allowing the
introduction of a plutonium management compatible with the non-
proliferation policy.

The IAEA has undertaken a feasibility study dealing with this
matter. As to-day the production rate of irradiated nuclear fuel
is higher than the maximum possible reprocessing rate, plutonium
accumulation must be considered within irradiated fuel as well as
in separated form. Storage of separated plutonium would only be
temporary, in the form of a buffer storage, as there is not
sufficient economic incentive for reprocessing if the energy value
of the fissionable plutonium is not rapidly realized. The storage
problem of both the separated and unseparated plutonium should
preferably be solved without causing the necessity of additional
transport of these goods. Therefore the Agency's study tends to
favour solutions in which the plutonium storages under special
IAEA control are situated at the input and the output of
reprocessing plants. Such a solution would, of course, be greatly
simplified when reprocessing could be concentrated in the
smallest number of large fuel cycle centers.

7 Multinational fuel cycle centers

Two years ago the IAEA took up the study of another possible
measure to complement the safeguards activity with a view to
making the non-proliferation regime more effective. I t is the
feasibility study for the erection of multinational fuel cycle
centers.

tC
iij:

There is an obvious economic incentive to do the reprocessing of
nuclear fuel only in very large plants. Because of the very high
investment required for reprocessing plants the economy of scale
is evident, A Foratom study done in 1970-1971 concluded that for
economic reprocessing the throughout of the plant must be at
least 1500 tons of oxide fuel per year even when the irradiated
fuel has to be transported over 1500 kilometers. This means that
one reprocessing plant would be connected to 50.000 megawatt,
(electric) installed capacity in light water reactors.

In the meantime another incentive for making the reprocessing
plants as large as possible has been recognised: the security.
It has several aspects. Firstly, physical protection measures
can be made more effective if concentrated on one plant. Secondly,
the economic refabrication of plutonium-containing fuel assemblies
could be located on the same site, thus plutonium in separated
form would never have to be transported.
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Diversion by force of fabricated fuel elements during transport is
not only much more difficult, but would also be dealing with nuclear
material not immediately usable for the fabrication of explosive
devices.

The present spread of nuclear power production does not indicate
the possibility of having such large reprocessing centers fed only
from power reactors situated in one state. Therefore the pooling
of interests in a multinational undertaking appears necessary. An
arrangement between a multinational undertaking and the IAEA should
make i t easily possible to provide optimum safeguarding and to
install a specially controlled storage of plutonium in irradiated
fuel or in separated form at the site of the multinational center.
Reprocessing exclusively at multinational centers having a special
arrangement with IAEA might eventually become a condition of supply
of nuclear fuel.

8 Conclusions

A comprehensive non-proliferation regime around the Treaty on the
Non-Proliferation of Nuclear Weapons is supported by a series of
measures. They range from the establishment of a complete network
of safeguards agreements via a common export policy of the nuclear
supplier states and the introduction of an international plutonium
management system to the establishment of multinational fuel cycle
centers. Except for the export policy the IAEA plays a role in all
of them and has a particular mandate to implement international
safeguards.

Since the discovery of uranium fission three decades have gone by.
During the f irst , three nuclear-weapon states have emerged, during
the second, two more, and during the third, one nuclear test
explosion has occurred which has been declared to have served
peaceful purposes only. There i s an apparent limitation of the
development of nuclear explosives in spite of the fact that some
30 states must have acquired the technical capabilities to perform
nuclear explosions in the meantime. The open and strong pursuit of
a comprehensive non-proliferation policy wil l hopefully have some
results - i f i t is possible to bring about political understanding
among all states.
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1
SOME DEVELOPMENTS IN
SAFEGUARDS TECHNIQUES

by

C. B e e t s

tp
A INTRODUCTION

5.1.

A. 1 Fundaniental_Princigles_of_Safe3uards

As other contributors have recalled, the task done by the
Safeguards Committee in 1969-19 70 has led to the publication
of the "Blue Book" (1).
The Committee has drawn up guidelines based on the extensive
experience gained in the field by those Member States which
possess complete and important nuclear fuel cycles.

The fundamental principles of the NPT Safeguards System have
then been formulated regarding both the objective (1, Art.28)
and the means to achieve i t (1, Art.29 and 30). The role of
measurements was recognized by the use of quantitative
accountancy as a measure of fundamental importance with
containment and surveillance as important complementary measures.
The partition of the fuel cycle into Material Balance Areas
and the respective measures to be taken by the operators for
drawing up the material balance declarations and by the
Safeguards Authority for the verification of the latter were
outlined.

The Conference held in 1975 at Geneva by the Parties to the
NPT has confirmed the cogency of the NPT Safeguards System
from the technical point of view (2). The Parties have also
stressed the need to ensure adequate physical protection of
the nuclear materials, that i s , to thwart both the theft of
the special nuclear materials and any act of terrorism.

A. 2 R§search_and_Develogment_in_Safe3uards

As far back as 1967 (3) , a considerable impulse was given in the
USA to the safeguards techniques and this effort is being
actively followed up by USERDA, Energy Research and Development
Administration, Division of Safeguards and Security (4) .
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On this side of the Atlantic, the Nuclear Centre in Karlsruhe
had taken the lead in the field of research (5). Actually,
the European cooperation in the field of nuclear safeguards
started in 1969 when Euratom and GfK, Karlsruhe, signed a
cooperation contract. In the following years, other Agencies
of different European Countries joined this cooperation contract,
thus giving birth to the European Safeguards Research and
Development Association, ESARDA (6). The main objective of the
Association is to harmonize the different research programmes
and to encourage the integration of the work into common projects.

Finally, the IAEA is kept informed of the progress at the
international level by the consultants of the Member States who
take part in i t s working groups. The IAEA also has i t s own
programme, which is more specifically directed towards
verification techniques (7), and furthermore promotes and
coordinates the activities of the Member States by means of
research contracts.

On the whole, hundreds of people are involved in Research,
Development, Test and Evaluation of safeguards techniques.

B SAFEGUARDS ACCOUNTANTY

B. 1 Material_Balance

Safeguards accountancy is based upon the partition of the fuel
cycle into suitable material balance areas, the taking of
physical inventories at practicable intervals and the use of '•
suitable accounting records and reports (8).

The first basic principle of material accountancy is the need
for a s t r ic t correspondence between the records and the actual
physical transactions. The second basic principle is to obtain
a material balance in which all known material movements or
inventories are measured (defined as a "closed material
balance"). This means that in addition to the major components,
all categories of scraps on inventory and al l recognized loss
streams should be measured.

Where these principles are applied, the inventory difference,
also known as the MOF, material unaccounted for,

MUF = Book Inventory - Physical Inventory

is the primary means of showing any unrecorded loss or gain of
material in a specific MBA and during a specific time period.

In implementing these basic principles, however, i t is recognized
that a proper cost-effectiveness balance should be sought and
that advantage should be taken, to the largest possible extent,
of the material accountancy techniques and procedures already
applied in each particular facility. These procedures are
described for each MBA in the ini t ia l design information report
for submission to the Safeguards Authority. Thus the Safeguards
Authority has to use the operator's data but, at the same time,
has to verify that this information is correct.

B.2
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Improved capabilities in the field of declaration and of
verification arise from developments in measuring techniques
and in system analysis techniques. These two domains reinforce
and supplement each other and are the main subject of the R
and D work.

B.2 Data_Eyaluatign

The effectiveness of a material accounting system heavily
depends on the quality of the quantitative data on which i t
is based. By their very nature, however, measurements are
always associated with some degree of error. Studies on the
propagation of systematic and random measurement errors
occurring in the statement of the MUF were and are s!,ill
conducted in detail in the USA (4), in ESARDA (8) as well as
in the IAEA (9). These studies attempt to define a unified
statist ical procedure in testing the significance of any
observed MUF value for one MBA and one inventory period.

^

One of the reference works remains the studies performed by
GfK in 1969-1971 based notably on the analysis of more than
200 available MUF data from different facilities (10). The
analysis indicated that the relative MUF expressed in fraction
of the throughput behaves in a predictable manner and thus
demonstrated the potential value of MUF as a safeguards
indicator.
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The uncertainty in the material balance can be described by
a stat ist ical quantity called the limit of error of MUF
(LEMUF). Limit of error means the uncertainty parameter used
in constructing a 95 percent confidence interval associated
with a quantity after any recognized bias has been eliminated
or i ts effect accounted for. Since the expected MUF value
is zero, the LEMUF represents the absolute value that should
not be exceeded by the MUF itself, above or below zero.

°m

For example, in the US domestic safeguards, the allowable
uncertainty in accountancy is defined in the following
regulatory statement, which explicitly refers to the LEMUF (11)

"A system of control and accountability must be
established and maintained that will assure that
measurement uncertainties (LEMUF) during any material
balance period does not exceed (i) 200 grams of
Plutonium or uranium-233, 300 grams of highly
enriched uranium or the uranium-235 contained in
greater than 20% enriched uranium; (ii) those
limits specified in the following table; or (iii)
other limits approved by the NRC as discussed below.

i
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Material Type

Plutonium element or ura-
nium-233 in a chemical
reprocessing plant

Uranium element and
fissile isotope in a
reprocessing plant

Plutonium element, ura-
nium-233, or high en-
riched uranium element
and fissile isotope -
all other

Low enriched uranium
element and fissile
isotope - a l l other

LEMUF on Any Total Plant Inprocess
Material Balance (expressed as a
percentage of additions to or
removals,from material in process,
whi chever is greater)

1.0%

0.7%

0.5%

0.5%

The NRC will approve higher limits than specified
if an applicant demonstrates that he has made
reasonable efforts and cannot meet the prescribed
limits and he has or will initiate a program to
enable him in time to meet these limits."

Likewise, the IAEA verification activities are based on the
following criteria, which practically amount to the definition
of the LEMUF (12):

"(a) the probability of detecting a loss of material is
chosen to be 0.95 when in fact the true loss is a
defined significant quantity; (b) the probability of
falsely concluding that a defined significant quantity
is lost when no loss actually occurred is chosen to be
0.05; (c) the significant quantities which are based
on the measurement uncertainty that can be reasonably
achieved with the measurement technology of today."

The Agency has compiled performance data on nuclear material
determination and derived accuracies to apply to any facility
covering the same type of production. These accuracies do not
significantly differ from the accuracies given in the pre-
cseding table.

Concerning the data evaluation procedures, a book on "Statistical
Methods in Nuclear Material Control 'prepared for the Division
of Nuclear Materials Security of ERDA(13), together with a RCN
report on "Some Statistical Tests Relevant to Nuclear Material
Accountancy and Safeguards" (14) provide the operators and the
Safeguards Authority with the required statistical tools.

v
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C TECHNIQUES

IV.v

: I

C.I Source_datax_batch_data

According to the definition of ref. 1, by "source data" required
for safeguards accountancy, are meant those data recorded during
measurement or calibration or used to derive empirical relation-
ships, which identify nuclear material and provide "batch data".
In this context, "batch" means a portion of nuclear material
handled as a unit for accounting purposes at a key measurement
point and for which the composition and quantity are defined
by a single set of specifications or measurements. The nuclear
material may be in bulk form or contained in a number of
separate items.

"Source data" may include, for example, weight of compounds,
conversion factors to determine weight of element, specific
gravity, element concentration, isotopic ratios, relationship
between volume and manometer readings and relationship between
plutonium produced and power generated.

"Batch data" means the total weight of each element of nuclear
material and, in the case of plutonium and uranium, the
isotopic composition when appropriate.

A good knowledge of the properties of the material to be measured
is always required when a measurement method or procedure has
to be established or applied to get "source data". Uranium and
plutonium properties are summarized in ref. (15). "Source data"
can be deduced from techniques based upon general properties
(weight, volume, chemical methods, gamma absorptiometry . . . )
or upon specific properties (alpha-, gamma- or neutron spectrometry,
calorimetry,...).

C. 2 Wei3ht_and_volume_measurements

Bulk measurements, sampling and destructive or non-destructive
analysis of samples are needed for the determination of batch
data.

I
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Weighing of materials is generally applicable throughout the
nuclear fuel cycle. Weight measurements have been traditionally
the most precise and accurate of all the various accountancy
measurements; therefore, weighing remains the primary tool of
nuclear material accountancy (16). As an example, procedures
for weighing uranium hexafluoride cyclinders of up to 14 tons
with selective application of scales are described in ref.17.

Volume measurements remain particularly important for the
accountancy tank in a reprocessing plant operating batchwise.
In order to put volume measurements in the proper context,
one should consider that it is only one of the components of
the total amount of uranium or plutonium, which is obtained
from the product of solution volume and chemical concentration.
The error in the final computed results must be related to the
systematic and random errors in each of the individual
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components, namely, volume determination, sampling and analysis.
Estimates of these errors are given in table C.2-1.

Table C.2-1 (16)

Chemical Reprocessing P l a n t Accountancy:
Est imate of Random(R) and Systematic(S) Er ror for Pu and U
content i n percen t r e l a t i v e s tandard dev ia t ion {% RSD) of a
s i n g l e measurement

Volume

(R) (S)

(C) 0.10 0.15 <0.10

(P) 0.30 0.30 <0.30

% RSD
Sampling

(R) (S)
Ana ly t i ca l

(R) (S)

0.10 0.40

0.20 1.00

0.10-0.15

0.20-0.25

(C) = Capability
(P) = Performance

In recent years, there has been renewed interest and effort in
the USA on methods for accurately determining nuclear material
content in tanks and other process vessels. American National
Standard N 15.19 was developed to provide criteria and
procedures for calibration of tanks and to promulgate
specifications for such measurements. Development work in the
area of stat ist ical treatment of the calibration data was
performed in the preparation of the said standard. These
stat ist ical studies were followed by calibration experiments.
jointly sponsored by NBS, ERDA and ACDA, for evaluating
liquid level instruments. I t has been shown that sufficiently
precise measurements of liquids in large process tanks can be
achieved using commercial pressure probes and force balance
electromanometers (18) .

The use of Time Domain Reflectometry Systems for monitoring and
verifying the content of input- and output tanks at wet
chemical facilities appears to be practicable with the limit
of error slightly larger than for electromanometers (16, 18).

C.3 Destructiye_AssaY_Technigues

The vast majority of the data used at present in nuclear
safeguards control are s t i l l directly or indirectly based on
destructive chemical and physico -chemical analyses (19, 20),
and above a l l , on mass spectrometry. I t is interesting,
therefore, to focus the attention on the improvements in the
performance of this technique during the late years, knowing
that similar improvements are also observed in other techniques,
such as redox, t i tration, gravimetry, controlled potential
coulometry. X-ray fluorescence analysis, y a n ^ X-ray
absorptiometry....
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Although mass spectrometry is specifically a method of isotopic
analysis, i t has found wide-spread application to uranium and
Plutonium concentration determinations as well, by the use of
the so-called isotope dilution analysis technique. In this
technique, an aliquot of the solution to be analyzed is spiked
with known amounts of minor isotopes,.usually uranium-233 and
plutonium-242. The uranium and the plutonium are separated by
ion exchange or by liquid-liquid extraction and they are
analyzed mass spectrometrically. This method is applicable
to the determination of uranium and plutonium concentrations
and of their isotopic abundances in solutions that result from
the dissolution of fresh or irradiated nuclear reactor fuels.

Feed solutions to the reprocessing plants constitute a specific
and extreme case, because they are contaminated by fission
products. In a large scale Isotopic Dilution Analysis experiment,
IDA 72, sponsored by GfK, such material was submitted to 22
laboratories (21) . The uranium and plutonium concentration data
and the uranium-235, plutonium-239 and plutonium-241 abundance
data were evaluated with respect to their interlaboratory
differences. For example, in the determination of the uranium-
235 abundance in 2% enriched uranium, the distribution curve
showed that 5% of the pairs of values exhibited relative
differences of more than 2%. To sum up, i t was concluded that
the time of the experiment, interlaboratory differences of
around 2% had to be expected rather frequently for most types
of analyses considered, if the laboratories worked under
routine conditions.

At the same time, a comparison of analytical results on input
samples between EURATOM and plant operators (22) indicated
higher differences than those expected.

-»'•? i
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From the safeguards point of view, an amelioration was certainly
desirable. Significant improvements are already being observed
in recent inter-laboratory comparison campaigns.

The Safeguards Analytical Laboratory Evaluation (SALE) programme
sponsored by ERDA, implements an industry-wide quality control
and evaluation system aimed at identifying and reducing chemical
measurement errors (23) . The SALE programme began in 1972 with
19 participating laboratories performing analyses of samples
from seven nuclear materials. Four years later, SALE has grown
into a world-wide quality control programme receiving results
from 60 laboratories and involving the analysis of samples
from 27 nuclear materials. Samples of well characterized
materials are distributed to participant laboratories at periodic
intervals for determination of uranium or plutonium concentrations
and isotopic distributions. The results of these determinations
are statistically evaluated and each participant is informed of
the accuracy and precision of his results in a timely manner.

Furthermore, the IAEA, in cooperation with the Member States,
is setting up a network of analytical laboratories (NWAL) which
will provide the Agency with the analytical services required
by its safeguards verification activities (24). Experiments
have been carried out to identify problems in transport of
samples, to investigate their stability and to specify the
quality of the analyses.
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These Process Analysis Field Experiments, PAFEX I and PAFEX II ,
were carried out in 1974 and 1975 as a preparatory step in
establishing the network of analytical laboratories. The
results prove that the analytical service requirements of the
IAEA safeguards verification activities can be routinely
fulfilled by a network of analytical laboratories, including
a Safeguards Analytical Laboratory (SAL) operated by the IAEA
itself.

By way of conclusion, accuracies of the order of + 0.3% can be
achieved on large batches of processed fuel using isotopic
dilution techniques (25) , but the importance of the training
and education of laboratory staff in this respect cannot be
overs tressed.

C. 4 Ngn-Destructiye_Assay_Techniques

Every fissionable material is unstable, emitting some form of
. radiation by alpha-, beta- or spontaneous fission decay. In

addition, in this decay'process, the major fissionable isotopes
emit gamma or neutron radiation that can be quantitatively and
uniquely related to each decaying isotope, thus providing the basis
of passive gamma and neutron techniques. Active interrogation
techniques, on the other hand, consist in irradiating the sample
by means of an external source and counting the induced fissions
and/or gamma rays.
The main incentive for implementing NDA techniques has stemmed
from nuclear safeguards in the mid 1960's, when peaceful nuclear
energy forecasts showed tremendous increases; in the quantities
of materials to be safeguarded NDA methods for timely and
economical quantitative assay were recognized as vital to any
effective safeguards system. Consequently, major efforts were
initiated in the world to develop and adapt nuclear techniques
and instrumentations for accountancy purposes.

In the beginning, emphasis was placed on scrap materials for
which, because of their heterogeneous nature, estimates based
on sampling procedures had proved largely inadequate. Nowadays,
however, advanced NDA technology is being successfully applied
to feed- and product materials such as solutions, powders,
pellets, rods.

Enrichment- or isotopic abundance determinations by passive
gamma ray techniques constitute a typical application. When a
gamma detector is exposed through a collimator to the radiation
from a thick uranium- or uranium compound sample (>5 g/cm2),
the counting rate of the 186 KeV gamma line is proportinal to
the enrichment. This property is utilized in the so-called
"infinite depth" method, which has found numerous applications.
For example, al l the uranium dioxide powder fiberpacks coming
into a fabrication plant are measured in this way (26); in an
other application, an in-line system continuously monitors
the enrichment of the uranium dioxide powder prior to
pelletizing (27). In a counting time of 1000 sec., relative
precisions of about 0.5% at P = 0.95 are obtained. While
precise and accurate measurements of the isotopic composition
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of plutonium are usually obtained by mass spectromatry, even
Plutonium isotopic ratios can be determined by high resolution
gamma spectrometry. This method is particularly suitable for
verification activities when intrinsic germanium crystal
detectors are utilized.

Apart from providing relevant data for safeguards purposes/
the high quality data collected by these NDA techniques appear
extremely useful for process control as well. Systematic errors
can be reduced to a minimum by using carefully characterized
standards closely bracketing the characteristics of the unknowns.
What is more, a method has been recently developed to determine
isotopic compositions without the use of standards (28). The
method appears to be effective regardless of the experimental
geometry and of the physical and chemical states of the samples,
and thus, particularly promising from the safeguards point of
view.

I S^

C. 5 Selectign_gf_Destructiye_or_Non-pestructive_Assay__Technigues

In the major p a r t of the fuel cycle, the nuclear mater ia l i s
readily accessible for sampling and both destruct ive and non-
destruct ive measurements can be applied. The measurement
method to be selected a t any given poin t depends on the nature
of the mater ia l and on cos t - effectiveness balance
considerat ions. Concerning the l a t t e r , the following example
i s quite i l l u s t r a t i v e (29); the cost for the checking of two
batches of plutonium oxide of 50 kg, each divided in to a few
dozens of containers , by sampling and dest ruct ive analys is
amounted t o about 10.000 do l la r s which i s nearly the
investment cost of a non-destructive assay equipment for the
same determination.

Final ly , although the operator would generally se lec t the
measurement method which i s most appropriate to h is p a r t i c u l a r
s i t ua t ion , the p o s s i b i l i t y always remains t ha t his r e s u l t s
are incor rec t , owing to a systematic e r r o r . In th i s respec t ,
the use of independent measurement methods by the Safeguards
Authority may be benef ic ia l to the operator . More genera l ly ,
the applicat ion of d i f ferent measurement methods a t d i f fe ren t
stages of the fuel cycle provides a number of cross
ver i f ica t ions which help in appraising the va l id i ty of
individual sampling and ca l ib ra t ion procedures
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D TESTING OF THE TECHNIQUES

D. 1 Plant_Instrumentation_Pro3rairimes

The t e s t i n g and evaluation of the techniques in plant
conditions cons t i tu te the keystone of the safeguards R and D
arch i t ec tu re , but i t would be very d i f f i c u l t to go through
a l l the in tensive p lant instrumentation programmes which have
already been s e t up or which are s t i l l being developed
throughout the world: e igh t of the ten sessions of the l a s t
IAEA symposium (Oct. 1975) concerned ac tua l p r a c t i c a l
experience in the operation of mater ial control systems.
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I t seems appropriate, however, to quote some examples of such
experiments:

i ) -CALGANE, a joint experiment of the JRC (Ispra, I ta ly) , CEN
(Mol^Belgium) , BELG0NUCLEAIREL.(Dessel7,,,Belgium),;,and the
European:Commission^ ;lt

: =deals^wxth;:^e^testirigcaiia' the
evaluation-of •tcalorimetry, ganunâ -̂ and passiveTandractive
neutron;^measurements at one; keyirmeasurement^pbirit, namely,

; bxid#;fHelpins-for thermal-^r -fast reactors.

ii) -The campaigns effected for Pu measurement evaluation in
heterogeneous waste drums from the Eurochemic reprocessing
plant (30, 31).
After nbh-destructive measurements, the drums were opened,
the waste segregated and incinerated^ and then the Pu content
of the ash, unburiiabie pieces and: rinse solutions measured
by the same non-destructive techniques. The Pu content of
the ash was also determined by destructive assay. Comparing
the results on ash, the difference between destructive and
non-destructive assay techniques was less than 4%, a very
satisfactory figure for such Pu bearinq waste.

iii)-DYMAC (Dynamic Materials Control), an advanced system of
in-plant material control which is being developed for the
USERDA by the Los Alamos Scientific Laboratory (32). This
major safeguards research arid development effort merges
the latest non-destructive assay instrumentation and
computer technology, with the clear objective of demonstrating
a workable, cost effective system of stringent "real time"
control of nuclear materials in a modern plutonium
processing facility.

D.2 Integral_Exp_eriments

By "integral experiments" is meant a safeguards exercise applied
to a production campaign in an existing facility and extending
over a significant period of time. The objectives of such
experiments include the closing of the material balance for the
actual campaign,the error evaluation, the testing of instruments,
techniques and procedures and an assessment of the necessary
safeguards effort.

Extensive Integrated Safeguards Experiments (ISE) are conducted
in commercial nuclear plants in the USA under a Plant
Instrumentation Programme (PIP) (33). Several experiments have
likewise been conducted by ESARDA Members and some of them are
s t i l l under way at UO2 and UQ2-PUO2 fabrication plants and at
chemical reprocessing plants. Integral Safeguards Experiments
will continue to be a method of primary importance for the
improvement of safeguards systems.
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D.3 §higger-Receiver_Differences_and_the_flow_of_materials

As the nature of the facilities being safeguarded changes from
reactors, with their relatively stable inventories, to fuel
fabrication-and reprocessing plants, the dominating feature
of the material balance becomes the throughput rather than the
inventory. The Shipper-Receiver Difference (SRD), i . e . , the
difference between, the^measuremenfcŝ pjf_the sj.me material^
performed by the operators of two facilities or MBA's, between
which a transfer has taken place, constitutes an adequate tool
for the verification of the throughput.

Thus, for example, an analysis of SRD in plutonium transactions
which have been accumulated over many years of experience
completely validated the method of accountancy for piutonium
in plutonium dioxide after correcting for any absorption (34).

As an other example, non-destructive assay (NDA)-chemical assay
comparison on East Flux Test Facility (FFTF) fuel pins are
given in (35). In a large number of fuel pins composing a
shipment, the uncertainty on the total fissile plutonium, as
determined by the 2S2Cf fuel-pin scanner, is due to the
uncertainty on the destructive assay of the fuel pin standards.
Results indicate very close agreement between shipper chemical
assay and receiver chemical and non-destructive assays.

D.4 Isotogic_Correlation_Technigues

By "isotopic correlation techniques" are meant those techniques
which take advantage of the existing relationships between spent
fuel isotopic data to generate an independent estimate of the
plutonium content at the input to a chemical reprocessing plant.
For the application of these isotopic correlation techniques,
one simply has to accumulate the relevant batch data from
the enrichment plant, from the fabrication plant, from the
reactor and from the reprocessing plant inputs and then to
apply the established relationships to present spent fuel of
similar nature. Isotopic correlations, therefore, can be used
as a technique of input verification and Shipper-Receiver
Difference verification (36).

Extensive investigations are in progress at Battelle Memorial
Institute, Richland, US at JAERI, Japan and in Europe, where
they are coordinated by a special working group of ESARDA.

F.J. Woodman expressed the idea that a data bank- or pool of
information - is necessary to make the potentialities of the
technique fully effective (38). Such data banks are currently
being assembled both at the Joint Research Centre in ISPRA and
at the IAEA headquarters (39).
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E IMPLEMENTATION

Let us consider , for example, a low-enriched fue l f ab r i ca t ion
campaign for a LWR. in 1968, t he mate r ia l balance d e c l a r a t i o n
was mainly based on the weighing of a l l the components and on
des t ruc t i ve measurements of some ten " r ep re sen t a t i ve p e l l e t s "
weighing about 100 g in a l l for a complete core of more than
10 t o n s . Nowadays, the opera tor has a t h i s d i s p o s a l , for h i s
dec l a r a t i on , thousands of o the r source data concerning uranium-
hexaf luor ide ba tches (des t ruc t ive or non-des t ruc t ive measurements),
uranium dioxide powders and p e l l e t s (non-des t ruct ive measurements),
p ins (non-destructive measurements of the t o t a l f i s s i l e content) ,
discards and waste drums (non-destructive masurements of the
t o t a l f i s s i l e content) . His confidence in the mater ia l balance i s
therefore s ign i f i can t ly enhanced.

The same trend can be observed in a l l the f a c i l i t i e s of the fuel
cyc le . During the l a s t s i x y e a r s , Euratom has progressively
implemented a reinforced safeguards system in some of more
important mixed oxide fuel fabr ica t ion p lan ts in the Community (40)
Taking the independent mater ia l balance as the bas i c p r i n c i p l e ,
the system was developed, implemented and improved with the f u l l
col laborat ion of the opera tors , taking advantage of the already
e x i s t i n g rea l - t ime accounting systems required for safety purposes.
On the whole, the reinforced inspect ion scheme produces almost
a l l the information needed for mater ia l balances with the
expected accuracies .

A mater ia l balance modern for a LWR fuel reprocessing f a c i l i t y i s
given in tabel E . I taken from ref . (4) ; the aim i s to br ing the
combined measurement e r rors down to approximately 0.6% of the
inpu t . The est imated r e l a t i v e contr ibut ions t o measurement
uncer ta in t ies in the plutonium balance, namely 56% for the input
d isso lver solut ion and 40% for the finished product , are
confirmed by Euratom experience (22).

Most Agency Member States have subs tan t i a l ly strengthened t h e i r
safeguards requirements: new general requirements for mater ia l
cont ro l and accountancy are given in ref. (11, 41).

F SYSTEM ANALYSIS

The safeguards programme in the Member Sta te i s intended t o
protect against, deter, and detect the theft or diversion of
nuclear materials to unauthorized uses and to protect nuclear
facilities against industrial sabotage. In addition to
accountancy and control, i t also includes an effective physical
security programme.

Lines of thought concerning an integrated safeguards system
analysis are found in the basic document published by Bennett,
Murphey and Sherr? "Societal Risk Approach to Safeguards Design
and Evaluation" (42). In Rasmussen's study (43), the basic
approach to the quantification of the risk, proceeded from the
definition of certain initiating "accidents" whose frequency
could be estimated. In opposition to these accidental events.
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MATERIAL BALANCE
COMPONENT

INPUT
DISSOLVER SOLUTION
CLADDING WASTE
(HULLS & FINES)

PRODUCT
UNH
PU

EXAMPLE
MATERIAL BALANCE MODEL

LWR FUEL REPROCESSING FACILITY

ESTIMATED RELATIVE
CONTRIBUT. TO MEAS.
UNCERTAINTIES
(PU BALANCE)

DEVELOPMENT OF
MEAS. CAPABILITY

56%

40%

WASTE
CLADDING WASTE
SALT WASTE
LOW LEVEL WASTE

INVENTORY
IN-PROCESS

3.5%

0.5%

ON LINE X-RAY FLUORESCENCE FOR PU
& PU/U RATIOS WITH COMBINED ERROR
OF <0.5%
ISOTOPE DILUT.MASS SPEC.CONFIRMATION
ON STATISTICAL BASIS:

HI RESOLUTION GAMMA-SPEC FOR PU
& ISOTOPIC ASSAY OF NITRATE SOLUT.
WITH A COMBINED ERROR OF <0.5%
COUPLED WITH FLOW MEAS. DEVICE FOR
ON LINE CAPABILITY AND INSTANTANEOUS
ALARMS FOR ANOMALIES

ON LINE CAPABILITY (PASSIVE GAMMA
SPEC.) TO DETERMINE THRESHOLD
AMOUNTS TO + 5-20%

NDA CAPABILITY TO DETERMINE SIGNIFICANT
HOLDUP AREAS

GOALS: COMBINED MEASUREMENT ERRORS TO APPROXIMATELY 0.6% OF INPUT,
SUPPLEMENTED BY CONTAINMENT AND SURVEILLANCE TECHNIQUES IN
HIGHLY ACCESSIBLE AREAS OF PRODUCT AND STORAGE

Table E.I
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safeguards systems are primarily concerned with the results of
a willful action on the part of an adversary. The safeguards
analysis proceeds from the terminal event: nuclear explosion,
critical incident or dispersal.

The definition of the risk for a given terminal event i s :

R = IT . p . c
where:

IT - frequency of attempt to produce an event;
p = conditional probability that the attempt

will be successful; and
c — consequences of the events produced.

The latter definition of risk corresponds to the commonly accepted
functions of a safeguards system:

1) Reduce the probability, IT , that misuse will be attempted

2) Reduce, to an acceptable level, the probability, p, that any
attempt at willful misuse of nuclear materials or faci l i t ies
will be successfull

3) Reduce the consequences, c, of any event successfully
perpetrated.

°

The total risk will be the sum of the risks associated with all
events.

Optimum and cost-effective combinations of safeguards measures
wil l depend on specific characteristics of the facilities and
nuclear materials involved. Relative areas of concern in the LWR
fuel cycle are given in tabel F.I (4).

8

II

fei

Safeguards as applied by the IAEA, generally refers to a system
of accountancy and control of nuclear material. IAEA practical
experience has shown that there are situations in which a full
verification of an accountancy system on the basis of the highest
international standards of measurement technique, would lead to
unnecessarily high accuracy and therefore to a significant
quantity which could be detected, i f missing, much smaller than
the threshold amount of material needed to manufacture a nuclear
explosive device. This situation was the starting point for
developing a modified approach to verification based on the
categorization of nuclear material with the aim of getting a
better cost-to-effectiveness ratio (12). The categorisation of
Plutonium according to i t s importance for IAEA safeguards i s given
in table F.2: characteristics of the nuclear material and of the
State's nuclear fuel cycle are taken into account.

I
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FACILITY
PROCESS

AREAS OP CONCERN IN THE LWR FUEL CYCLE

PHYSICAL PROTECTION

FRESH FUEL - URANIUM OXIDE

REACTOR

SPENT FUEL REPROCESSING
DISSOLVER SOLUTION
IN-PROCESS HOLDUP
PU NITRATE
WASTE

NITRATE TO OXIDE CONVERSION

MIXED OXIDE FUEL FABRICATION
PUO2 FEED
MIXED OXIDE PELLETS
FABRICATED FUEL

MATERIALS CONTROL
& ACCOUNTABILITY

LOW

INTERMEDIATE(SABOTAGE)

LOW
LOW
HIGH
INTERMEDIATE(SABOTAGE)

HIGH

HIGH
HIGH
INTERMEDIATE

Table F.I

LOW

LOW

HIGH (SEE TABLE 1.2)
LOW "
HIGH "
INTERMEDIATE "

HIGH

HIGH
HIGH
HIGH

co
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Categorization of Plutonium according to its Importance for
Safeguards
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Characteristics
of the State's
nuclear fuel
cycle

No reprocessing

Reprocessing

Content of fissile nuclides (%)
>80

Content of radioactive
S-y emitters (Ci/kcr)

1

1

2

1

80-20
Content of radioactive
B-y emitters (CLVfca)

2

2

3

2

<20

Exempt*
from

Safegui

Table F.2

The use of this parameter should permit overall optimization of
the safeguards work, i.e. it should concentrate the effort on the
material which has the highest strategic importance.

G CONCLUSIONS

To get an idea of the R and D efforts in the framework of an
integrated safeguards system, it is convenient to look at the
allocation of the tasks as presented in table G.I (4).

It is important to note that this allocation is concerned with
R and D work only and has no bearing on the allocation of the
implementation costs. The items specifically relevant to
accountancy are in brackets, but in the other items, the
accountancy part is far from negligible. In,every Member State
having a complete nuclear fuel cycle the allocation of R and D
efforts should present a very similar profile.

The system of international safeguards that prevailed in the
sixties has been re-modelled to comply with the new requirements
of the NPT and with the growth of nuclear energy (44) . This
transformation was possible thanks to the support granted by the
governments of the Parties to the considerable work involved
both in R and D and in implementation. As new risks and
circumstances appear on the scene, the same responsible attitude
of the authorities should allow the system to be further adapted.
International collaboration in this respect remains essential
and should be pursued and extended accordingly.
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SAFEGUARDS AND SECURITY PROGRAM RESOURCE REQUIREMENTS
FOR FY-1977 AND FY-1978-81

TASK

Operating

I Character ize Threat

(Outlays in Mil l ions)

FY-77 REQUEST

I I Conceptual Design, Develop-
ment and Analysis

I I I Technology, Equipment, &
Modular System Development
& Test and Evaluation

IV Integrated System Design
(Plant Specific) /
Installation & Test and
Evaluation in Operating
Environment

V Assessments and Inspections
VII Nuclear Materials Management

and Safeguards System (NMMSS)
VIII International Activities

IX Safeguards Analytical
Laboratory

Sub-Total
Capital Equipment
Construction

Sub-Total

$ 0.2

2,8

9.7

ESTIMATED RESOURCES
FOR FY 78-81 *.

$ 0.5

4.0

33.0

6.

0.

0.

0.

3

5

8

,7

VI Personnel Clearance
Program

$

$

1 .3
22.3

2 . 5

2 . 5

27.3

10.0

38.9
7.2

9.3
3.8

5.3

TOTAL $ 37.3

$ 102.0
14.5
2.4

$ 118.9

40.0
$ 158.9

* * *

* * *

FY 1977 dollars - no escalation reflected in these figures

**It is important to note that these figures do not include safeguards
implementation costs, i.e., the cost of implementing safeguards
systems at operating facilities. Such costs are borne by the
sponsoring ERDA divisions, and are reflected in their budgets.

These totals represent the FY 1977 Presidential Budget Commitment
Projection

Table G.I
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ALTERNATIVE STRATEGIES FOR
INTERNATIONAL CONTROL OF
NUCLEAR POWER

T.B. Taylor I'A
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This paper is a brief summary of work done by participants in the
Program on Nuclear Policy Alternatives at Princeton University's
Center for Environmental Studies, with support from the Ford
Foundation. The subject is treated in more detail in the December
19 76 issue of The Bulletin of the Atomic Scientists, and is also
covered in a report by Harold Feiveson and myself, written for the
Council on Foreign Relations' 1980's Project, to be published by
McGraw-Hill early in 1977.

Without new national and international actions by the early 1980's,
dozens of nations will be drifting or purposefully moving toward
possession of nuclear weapons and to fuel cycles vulnerable to
theft of plutonium by terrorists or other criminals. I t is action
to deal with the risks of diversion or theft of fissile material for
weapons purposes that I believe should play the central role in the
next stage in the development of nuclear power w \Ldwide.

When thinking about these issues, most people seem to worry about
the demonstrated acquisition of usable nuclear weapons by nations or
criminals. But there is potentially a continuous spectrum of degrees
of drift or concerted action toward the actual possession of nuclear
explosives that can be used for destructive purposes. The phrase
"latent proliferation" can be used to include action that falls
short of actual diversion of nuclear materials from civilian nuclear
facilities, but facilitates a possible future decision to acquire
nuclear weapons. The time and resources to make the transition from
a condition of latent to one of demonstrated proliferation also
ranges from very large to very small. Inadequately controlled
stockpiles of concentrated plutonium separated from spent fuel,
combined with the knowledge of how to design and fabricate a nuclear
explosive, and the possession of tested non-nuclear components of
nuclear weapons, can allow a nation or a criminal group to have
nuclear weapons within days or even hours after diverting or
overtly stealing a dozen or so kilograms of the plutonium. This
situation can be contrasted with that of a nation that has nuclear
power plants but no facilities for enriching uranium or separating
plutonium from nuclear reactor fuel. I t would be much further away
from actually having nuclear weapons, and inherently much better
protected from theft of plutonium by criminals.
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The present stage of nuclear power development is dominated by two
reactor technologies: light-water reactors (fueled by slightly
enriched uranium) and heavy-water reactors (fueled by natural
uranium). Both types of reactors currently use a "once-through"
fuel cycle that progresses from the uranium mine to the uranium
enrichment plant (in the case of light-water reactors) to the fuel
fabrication plant to the reactor to spent fuel storage.
Nowhere in this fuel cycle does there exist material from which
nuclear weapons can be made—plutonium or the separated 233u and
235U isotopes of uranium—except in the spent fuel/ where the
plutonium produced in reactors is mixed with highly radioactive
fidsion waste products and large quantities of 238U.

Despite the simplicity of the once-through fuel cycle, i t cannot
form the basis for nuclear power for the long term, since i t is a
system that would exhaust estimated high grade worldwide reserves
of uranium in a matter of decades. The long term vitality of fission
power is therefore generally believed to depend on using "breeder
reactors" that can convert the abundant fertile materials, 238u or
thorium, into the chain-reacting nuclear fuels, plutonium or 233U.
Eventually, nuclear fission systems must begin to evolve into such
regenerative breeder cycles or be phased-out altogether.

Whatever options are chosen for the future of fission power— an
orderly phase-out or reliance on some kind of breeder system—the
world should establish, with a sense of utmost urgency, as effective
as practicable safeguards against both national and criminal
diversion. The objectives of such safeguards can be usefully
summarized in the following set of guiding piinciples. The first
two focus on the risks of theft of weapons grade materials by
criminals, the final three on the problem of national nuclear
weapon proliferation.

1. All weapons grade materials (materials from which fission
weapons can be made without isotope separation), whether
at fixed sites or in transport, should be effectively
protected against criminal theft or diversion through the
use of techniques that are open to inspection and assess-
ment by al l interested nations.

2. Internationally managed physical security safeguards,
nevertheless, should not be required at national facil i t ies,
to avoid excessive infringement of rights of national
sovereignty.

3. All nuclear materials for civilian use, and from which
weapons grade materials can be derived, should be kept
within authorized channels defined by specific physical
boundaries, and any transfers of strategic quantities of
these materials outside these boundaries must be promptly
detected by an IAEA or equivalent international safeguards
system.

4. The activities intrinsic to civilian nuclear programs within
a country should be as distinct as possible from activities
that the country would have to undertake to produce nuclear
weapons.

5. All safeguards measures and restrictions on access to specific
nuclear technologies should be equitably applied to al l
countries. fa
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With these guiding principles in mind, I shall now briefly discuss
three alternative options for the future of fission power: an
orderly phase-out, a transition to major reliance on plutonium
breeders, and a transition to fuel cycles that depend on the
breeding of 233U from thorium.

The Phase-Out Option

The effects of an orderly phase-out of fission power are dependent
on the availability of alternative sources of energy. The major
long-term possibilities are coal; fusion; geothermal energy from
hot, dry rock; and solar energy.

Coal is so unevenly distributed that many countries would have to
depend on long-term, secure trade arrangements with other countries
if i t were to be a primary source of their energy. Its combustion
products, furthermore, may cause unacceptable climatic changes if
we continue to use i t on a large scale, and now can be a serious
health hazard. The latter may be controllable in the future.

The future of fusion is technically and economically uncertain.
Successful development of fusion would also provide an alternative
route to nuclear weapons, since economically attractive fusion
power plants could also provice relatively cheap neutrons for
converting natural uranium or thorium to fission weapon materials.
This risk is related to a possible opportunity: the use of fusion
neutrons to convert thorium to 233U for use in reactors that are
not quite able to breed more nuclear fuel than they consume
(converter reactors). I t is quite possible that fusion may become
economically attractive for this purpose before i t is competitive
for direct production of electric power or usable thermal energy.
Such use of fusion would not, of course, be compatible with a
phase-out of fission.

The potential reserves of usable geothermal energy in hot, dry rock
are huge, and widely distributed. The costs of using such sources
are uncertain, however, as are a number of environmental effects
associated with air and water pollution and seismic phenomena. If
used on a large scale, this source of energy is not renewable in
any practical sense; the rate of heating of accessible rock by
radioactive decay of materials in the earth's crust is orders of
magnitude smaller than would be required to sustain a practical rate
of removal of heat from the rock.

Solar energy is abundant, renewable, widely distributed, but diffuse.
Even if used on a large scale-, the collection of solar energy and
i t s subsequent conversion to other forms of energy could, with
appropriate technology, result in much less damaging side effects
than any other prospective energy source. The prospective performance
and economics of solar energy systems for space heating and cooling,
production of clean, combustible fuels, and production of electricity
are so uncertain, however, as to cause considerable controversy.
Some argue that much more intensive efforts to develop and
commercialize solar energy systems could make them the world's
primary source of energy within a few decades.
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Others argue that high capital costs for a l l applications except
for space and hot water heating in ideal locations will keep
usable solar energy costs much higher than costs of energy from
nuclear sources or coal. I am more optimistic about solar energy
than most people, and encouraged by the increasing rate at which
promising new concepts are being proposed and assessed. The biggest
uncertainty about solar energy, I am convinced, i s how long i t wil l
take to use i t on a large scale.

In adopting the option of shifting from reliance on fission to one
or more of the long-term, non-fission options, use of the present
type of once-through fuel cycle could be maintained during the
transition period. As long as spent fuel is not reprocessed, the
above guiding principles could, I believe, be practically implemented.
Although no system of safeguards can guarantee that nations wil l not
acquire nuclear weapons by, for example, breaking agreements or not
entering into them in the f i rs t place, the once-through fuel cycle
does not automatically generate stockpiles of weapons grade material,
and i s largely self-protecting with respects to theft of plutonium
by criminals.

A key question is whether reasonably economical sources of uranium
will last long enough for this option to be compatible with world-
wide and individual nations' need for energy during the next several
decades. Analysis by Frank von Hippie and Robert Williams, at
Princeton, reported in the December 1976 issue of The Bulletin of
the Atomic Scientists, strongly suggest that the answer is yes,
provided that reasonable use is made of opportunities for using
energy efficiently, and international arrangements to guarantee
needed supplies of uranium to a l l countries are set up.

The Plutonium Breeder Option

The path which the worldwide nuclear industry appears most clearly
determined to follow is to separate the plutonium contained in spent
reactor fuel and to recycle i t as fresh fuel, f i r s t into light-water
reactors and later into fast plutonium breeders. Widescale commercial
reprocessing of spent reactor fuel i s now or may soon be possible in
several countries—the United Kingdom, France, West Germany, India,
Japan, the Soviet Union, and the United States. S t i l l other
countries have announced plans to deploy their own reprocessing
plants, including Argentina, Brazil, I taly, Pakistan, Spain, Taiwan,
and Yugoslavia. The United Kingdom, France, West Germany, Japan,
the Soviet Union, and the United States also have programs of
breeder development underway, a l l of them focused on a single
technology: the liquid metal fast reactor for breeding plutonium.
The crucial disadvantage of these developments i s that they introduce
the troublesome element plutonium into a central position in nuclear
commerce.

Nuclear power systems based on the 2 3 8U-plutonium breeding cycle
require that weapons-grade plutonium be separated from spent fuel
and incorporated into fresh fuel, for recycling in power reactors.
If the nuclear power plants are nationally owned and operated, this
cycle necessarily provides a l l nations using i t with potential
access to plutonium for production of nuclear weapons, that i s , i t
accelerates latent proliferation.
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In principle, national access to plutonium could be avoided by
producing all nuclear power in multinationally owned and operated
regional centers that export electricity. But this possibility is
unlikely to be politically or economically acceptable to countries
that would then be dependent on electric power sources beyond
their borders. Even if the often discussed alternative where al l
plutonium would be separated and refabricated in internationally
controlled, heavily guarded regional centers, the risk of criminal
theft of plutonium in fresh fuel in transit or storage at power
plants would persist.

Dr. Beets has described possible safeguards measures related to
materials accounting. I would like to summarize some of the
possibilities for increasing the physical security of plutoniumC

A guiding principle, called the "principle of containment" has
been proposed for the design and assessment of security systems for
the protection of special nuclear materials. According to this
principle, all materials that could be used to make fission
explosives and that are used, produced, or processed in the nuclear
power industry would be contained in areas circumscribed by a well
defined set of barriers. These barriers would exclude unauthorized
persons. A minimum number of authorized channels for the flow of
such materials through the barriers would be established. All
other channels would be continuously monitored, by means of the
best available technology, to detect any unauthorized flow of
materials. In addition to the physical barriers, and other
deterrents to theft, a network of alarms, communications, and
security forces would be set up in such a way that no credible
attempt to remove nuclear materials from authorized channels,
whether by employees, outsiders, or a combination, would be
successful.

Some of the specific security measures that might effectively be
used in applying this principle and that are under study by NRC
are the followingi

. Use of specially designed motor vehicles and shipment vans
to protect shipments of special nuclear materials from rather
massive and sophisticated attempts to penetrate the van or
commandeer the vehicle for sufficiently long times to allow
large law enforcement, or even military forces to arrive at
the scene of an attempted hijacking before i t can be completed.

. As an alternative to the above measure, the use of rail trans-
port of all special nuclear materials inside shipping containers
similar to the roughly 100 ton containers contemplated for
use in shipping irradiated fuel from reactors to reprocessing
plants.

. Colocation of fuel reprocessing and fuel fabrication plants,
to avoid shipment of concentrated, fission product-free
special nuclear materials between the two.

. Dilution of separated plutonium by slightly enriched or
natural uranium at the output stages of reprocessing plants,
to produce the mixed oxide fuel materials before transfer to
a fuel fabrication plant. In equilibrium, the concentration
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of plutonium in mixed oxide fuel would be about 6% to 1%
if al l refabricated fuel for a light water reactor power
system consisted of mixed oxides . This would not only
lead to a requirement for chemical separation of the
Plutonium from stolen fuel material before i t could be
used for making fission explosives, but also, and perhaps
more importantly, increase by about a factor of 100 the
total weight of fuel material that would have to be stolen
to provide a given weight of contained plutonium. These
advantages, from a physical security point of view, must
be weighed against the likely additional costs of
fabricating mixed oxide fuel, compared to the current plan
for using much higher concentrations of plutonium (from 3%

' to 7%) in a much smaller fraction of the fuel rods contained
in a reactor fuel assembly. The high toxicity of plutonium
generally requires the use of airtight process enclosures,
which adds substantially to the cost of fabricating fuel
rods that contain plutonium.

. Recycling of fuel with as high a concentration of plutonium
as possible through a small fraction of the power plants
that produce plutonium—essentially the opposite of the
preceding possibility. The purpose in doing this would be
to reduce to a minimum the number of power plants that
receive fuel that contains plutonium, as well as the total
number of shipments of plutonium. Under such conditions,
all plutonium could be recycled, but less than half, and
perhaps as few as about one fifth of a l l power plants would
use recycled plutonium. The value of plutonium produced in
reactors that did not receive fuel with recycled plutonium
could be exchanged for money or for discounts on fresh
uranium fuel.

Because the plutonium path is consonant with present plans of
worldwide nuclear industries and requires initially no major new
international agreements or novel departures of national policy,
i t looks relatively simple and practical compared to the
alternatives. But this superficial simplicity is deceptive. The
drift to a plutonium economy, unchecked, will , by the 1980 "s place
weapons-grade materials in the hands of dozens of countries, and
will further require an increasing intensity of control within
each country over this material to protect i t against theft by
criminals and terrorists. Attempts to safeguard the plutonium
against national diversion will lead step-by-step to cumbersome
and complex international control systems. Security measures to
protect plutonium against theft will be difficult to implement,
with worldwide high standards, without major infringements of
national sovereignty. In some countries, such measures may also
lead to excessive use of paramilitary guard forces and other
severe security measures.

The Thorium Option

The use of large quantities of thorium instead of uranium in
reactors would also permit a fuel-regeneration system, but one
in which the uranium isotope 233U rather than plutonium would
be the key link in making further use of spent reactor fuel.
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Power systems based primarily on the thorium-233U breeding
cycle could be established in such a way that fresh fuel supplied
to national reactors would contain no weapons-grade material.
The reason such a possibility exists for the thorium cycle is
that 233U can be diluted ("denatured") with the naturally
abundant isotope 238U to such an extent that the uranium would be
unusable, without isotope separation, as nuclear explosives
material. No such denaturing isotope of plutonium will exist
in significant quantities. This possible form of a thorium cycle
has not, to my knowledge, been previously explored from a nuclear
weapon proliferation perspective.

The fresh fuel at national reactors might consist of a mixture of
roughly one part 233U, about six parts 238U, and ten to sixty
parts thorium. Present types of reactors (both light-water and
heavy-water) could be converted to operate on this fuel mixture.
The six-to-one ratio of 23BU to 233U (plus 235U) would be
sufficient for practical purposes to denature the uranium so
that i t could not be used for nuclear explosives, unless the fuel
mixture underwent isotope enrichment, a process more difficult
and costly than the chemical separation of plutonium. The
denatured uranium, both in the fresh fuel assemblies and in the
spent fuel, would thus not be weapons grade. There would be some
plutonium in the spent fuel, since neutron capture by the 2 3 e

dilutant would yield plutonium, but much less than in a cycle
based primarily on uranium and plutonium.

U

The fabrication of the fresh fuel assemblies and any necessary
denaturing of the 2 3 3U could be done at internationally controlled,
regional reprocessing and reactor centers. Such centers would also
undertake whatever reprocessing of spent fuel from the thorium
reactors is required. The regional reprocessing centers would, of
course, require physical security against theft of plutonium'by
criminals or terrorists . But fresh fuels shipped to national
power plants and spent fuel shipped back to the regional centers
would not be attractive targets for theft: the fresh fuel i s not
of weapons grade; and the spent fuel is so highly radioactive and
so diluted as to be effectively self-protecting against theft and
the subsequent processing required to make nuclear explosives.

I t is unlikely that current types of light water moderated nuclear
power plants could breed sufficient amounts of 2 3 3U to be self-
sustaining on a thorium cycle i f the recycled 23*U is denatured
with 238U. But they could be part of an overall system that is
self-sustaining i f some additional source of " ' a could be provided
at the same internationally controlled regional centers at which
the fuel is reprocessed. One possibility for supplementing the
233U in the cycle is to use fast breeder reactors that use plutoniuir
extracted from the converter reactor fuels in their cores, and
thorium as the "fertile material" for producing 233U. Such reactors
could produce more 233U than the plutonium they consume. All
recycled plutonium could be consumed on-site at the regional
centers, avoiding the need for any national access to plutonium.
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Another, more speculative possibility is to use fusion reactors
at the regional centers primarily to produce excess neutrons
to convert thorium into the 2 3 3U needed to keep the entire
nuclear power system self-sustaining. In this case, regional
reactors could be used to consume plutonium produced in the
nationally operated converter reactors serviced by the regional
facilities.

The denatured uranium-thorium cycle looks considerably more
attractive in heavy-water reactors than in light-water reactors
because fewer neutrons are unproductively captured. The ratio
of plutonium to 2 3 3U produced would be much smaller than with
light-water reactors, and it is possible that the national
reactors could be self-sustaining on the thorium cycle.

Our preliminary study of the thorium cycle has shown that its
characteristics depend very strongly on the assumed rate of
nuclear power growth, and on the assumed timing of changeover
from the present to the new fuel cycle. In general, the
economics and room for flexibility in the cycle look more
attractive for low than for high projections of nuclear power
growth rates.

The Necessity to Assess the Options

I should make it clear that we do not view the thorium cycle or
even a complete phase-out of civilian nuclear power as
alternatives to the plutonium economy that would remove the
risks of nuclear weapons proliferation. Huge quantities of
nuclear materials suitable for military purposes, and, of
course, nuclear weapons themselves, will still have to be
securely protected from theft.
Furthermore, pressures for nations to acquire nuclear weapons
will persist at least as long as the nuclear weapons states
continue to behave as though they feel more secure with nuclear
weapons than without them. We see no practical way technically
to prevent any nation tnat really wants nuclear weapons from
acquiring them. Material for weapons can be extracted from
natural uranium by isotope enrichment, which, though now very
difficult and costly, is likely to become easier soon. More
serious still, the technical knowhow and basic materials
required for indigenous plutonium production and reprocessing
are accessible to any country with a strong resolve to use them.
Nor will a shift to any type of fission fuel cycle prevent
nations from using their civilian power reactors to produce
plutonium, albeit in violation of agreements, for subsequent
extraction in reprocessing facilities built specifically for
yielding plutonium for nuclear weapons.
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It is clear also that no alternative fission future will be an
easy path to follow. In particular, there are a great number of
technical and institutional issues involved in implementation of
a thorium cycle that are unresolved; I do not presume that upon
further analysis the thorium option will necessarily look very
attractive, either from a proliferation or other perspectives.
Rather, I wish to make the case that, given certain attractive
reactor engineering characteristics of a thorium cycle and the
fact that *33U and 2 3 5U can be denatured, whereas plutonium
cannot, the present worldwide momentum toward a uranium-
plutonium breeding cycle in preference to a thorium option
should at least be thoroughly reexamined before irreversible
commitments are made to the plutonium economy. The additional
research and development expenditures that would be involved
in such reexamination is minute compared to the projected
nuclear investments over the next two decades or to the incalcul-
able dangers of the spread of nuclear weapons to many more
countries.

It will take considerable time and effort to assess the three
alternative fission futures I have discussed—a uranium-plutonium
cycle, a thorium cycle, and an orderly phase-out of fission
power— and then implement whatever energy policy is determined
to be in the best interests of each country and the world as a
whole. The world has, I am convinced, the resources required
for this task. And the time needed to consider and decide which
paths to follow can be extended substantially by seizing the
many opportunities now available for conserving energy, whether
it comes from fossil fuels or fission.

I find it instructive to ask what would be required if coal, or
fission, or solar energy were used, each of them alone, to meet
the world's requirements, under the following optimistic
assumptions, in the year 2025:

1) the world population stabilizes by then at
10 thousand million

2) the average per capita energy consumption
then is equivalent to 6 metric tons of coal
per person, about three times what it is
today.

If coals supplied all this energy, it would require -an increase
of 25 times present coal production. It would also increase the
present concentration of carbon dioxide in the atmosphere about
8% per year, which would almost certainly produce unacceptable
changes in the world's climate.
If all the energy came from fission, it would require about
25,000 power reactors with a power equivalent to 1000 MW(e) each,
and something like 500 large reprocessing plants extracting
about 35 million kilograms of plutonium or Z 3 3U per year.
If it all came from solar energy, and we assume an effective
collection efficiency of 10%, average over all types of solar
energy conversion, the required land area for collectors would
be about 2 million square kilometers. For the Netherlands and
its present population, this would correspond to about 8% of
the land area.
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The primary conclusion drawn from this examination of fundamental
energy options for the 1980's and beyond is this: Plutonium
should not be separated from spent fuel from civilian reactors
anywhere in the world until at least the two alternatives to a
Plutonium economy sketched above have been thoroughly evaluated
and compared with a worldwide plutonium economy safeguarded as
effectively as is practically possible against diversion of
plutonium for destructive purposes.
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