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1. INTRODUCTION

As recent developments in the international energy situation
have shown, the necessity of utilizing all available sources
of energy all over the world has become inevitable. This

also necessitates increased application of nuclear energy

in the industrialized countries and similarly to an increasing
extent in the developing countries. However, the many and
varied problems of ecology, economy and public acceptance
associated with the peaceful uses of nuclear energy require
intensive support and close cooperation in the transfer of

nuclear technology from industrialized to developing countries,.

In addition to cooperation in.the R + D sector, the major
priority in nuclear transfer between the developing countries
and the industrialized countries was to be found in the past
in supplying enriched fuel and reactors. The problem of the
management of spent fuel from nuclear power stations and

its practical solution will in future also increasingly arise
in the developing countries with the growing amounts of spent
fuel elements. It therefore appears meaningful to include

the issue of managing the back end of the fuel cycle in nego-
tiating the boundary conditions of a nuclear transfer from
the supplier states to the recipient states, possibly directly

connected e.g. with the export of nuclear power stations.

A significant view point which in the past has determined the in-
stitutional framework and the contractual structure of international
cooperation in nuclear trade was the non-proliferation aspect.
The Non=-Proliferation Treaty of 1968 intended on the one

hand to achieve a fixed status quo in the atomic weapons

sector and on the other hand to enable the peaceful uses

of nuclear energy to be as unrestricted as possible. The

efforts of various countries to obtain de facto possession

of nuclear weapons via so-called peaceful explosive devices led
to a tightening of the contractual boundary conditions in the
international nuclear sector and, particularly in the United

States, even culminated in the demand that sensitive activities



in the nuclear fuel cycle, such as enrichment or reprocessing,
should be completely dispensed with.

Suggestions for adjusting this disturbed balance in the nuclear
trade were discussed on various international committees

and led to the foundation of the International Nuclear Fuel
Cycle Evaluation Conference (INFCE), in which 60 countries

and various international organizations participated. A central
event in this important conference was that the proliferation
question should not be regarded in isoclation as a technological
problem but rather that political parameters and solutions
should also be increasingly included as boundary conditions

in international nuclear trade.

So-called insfitutional solutions seemed to indicate possibilities
which could satisfy such boundary conditions. According to

the definition in INFCE, this type of institution includes

a wide range of possibilities in the field of multinational
cooperation such as intergovernmental agreements, technological
support for research programmes, as well as international

and multinational institutions.

The first considerations in the INFCE were aimed at employing
these institutional solutions in mutual interaction both

in order to reduce the proliferation risk as well to increase
supply assurance. Detailed analyses carried out later at

'the Nuclear Research Centre Jiilich (KFA) showed that further

criteria such as cost effectiveness, political independence,

transfer of sensitive technology etc., should also be considered

in discussing these models. A further result of these studies

at the KFA Jilich was that in considering the large number

of institutional models, multinationalization or international-

ization of plants or materials in the nuclear fuel cycle

represents a worthwhile subject for further more detailed

investigations, However, these studies also indicated that

institutional models with extraterritorial rights or inter-
national organizations as operators of nuclear plants were
excluded from the outset duye to the considerable loss of

Sovereignty for the host Countries of such facilities



After suitable multinational models with respect to the front

end of the fuel cycle had been analyzed in detail in the

first subsequent study, this present study intends to concentrate
on the problems of the back end of the nuclear fuel cycle.

The following stages will be dealt with more closely:

- intermediate storage of spent fuel elements
- reprocessing of spent fuel elements

- MOX fabrication

- direct final storage of spent fuel elements

- final HAW storage.

Multinational models, or cooperation models, which could

possibly be applied in the scope of these steps in the fuel

cycle range from the financial participation of several countries
in one plant up to the operation of subsidiaries in the partici-
péting countries. A phased model which intensifies bilateral
‘cooperation step by step and which accompanies a corresponding
transfer of technology between the supplier and recipient

state can indicate ways of relieving the management of spent

fuel elements for countries with fairly small or nascent

nuclear programs; the idea of compulsory management of spent fuel
for countries exporting nuclear reactors is also included

in the discussions.

Such models can also be of interest for the Federal Republic

of Germany, which plays an important part in international
nuclear trade and in the transfer of nuclear technology to
developing countries. In addition to siting problems for

these multinational plants there are also political and economic
aspects, issues of proliferation as well as of supply assurance
for nuclear material, facilities and also technologies which
must be solved before suitable models can be implemented

to the satisfaction of all the partners.

The study is structured by questions concerning the selection

of meaningful models, the necessity of their implementation
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and the period of their possible application. To this end,
the future worldwide development of nuclear energy is first
depicted, paying particular attention to the aspect of nuclear

transfer to developing countries and problems of spent fuel

management. Chapter Three deals with the. role of international

safeguards as essential measures for preventing proliferation
and the poteniial for possible improvements, as well as other,
mainly political solutions for reinforcing the non-proliferation

network which are already currently in operation. Chapter

Four shows the status of international discussions of institu-
tional models and in Chapter Five the individual stages of

the back end are analysed in detail with respect to possible

advantages and disadvantages in applying such models; the

main emphasis being on a phased model to improVe technology
transfer with a simultaneous solution of

spent fuel management
problems. Special requirements for sufficient intermediate
storage capacity for spent fuel elements is thus included.
In the final Chapter an attempt is made to answer the question

of the extent to which acceptance of such models can be ensured.



2. PERSPECTIVES OF WORLDWIDE NUCLEAR ENERGY DEVELOPMENT

The necessity of a further extension of nuclear energy and

its application in a growing number of countries results

from the uneven distribution of primary energy resources
throughout the globe, from the héterogeneity of the world
balance of power and interests as well as from thé subsequent
instability in the currents of world energy trade. These
reasons force the individual countries to undertake an inde-
pendent, i.e. national, solution of their energy problems

with respect to long-term assurance of the energy supply

within their possibilities. The objectives of national energy
policies are therefore intended to decrease both quantitative
and qualitative dependence on imports, to diversify the sources
of primary energy to be used and applying energy in such

a way as to conserve resources. Since energy imports can

only be completely dispensed with in a few cases, the remaining
import quota must be aimed at world currents of energy trade,
their capacity development and the expected international
energy demand profile. In this context, nuclear energy offers
all technologically highly developed countries a decisive
large-scale technological alternative to fossil energy carriers
on the basis of the high energy density of its primary energy
bases, uranium and thorium, as well as its large potential

for application in the heating and electricity supply sector.
Before the application potential of this primary energy source
can be utilized the step must be taken from thermal to highly
converting and breeder reactor systems, i.e. the transition
from the prevailing light-water reactor to the high-temperature
reactor and fast breeder, which can be realized in the medium
term. In this way not only the quantitative but also the
qualitative dependence on imports in the uranium supply is
minimized and thus the import quota as a whole via the sub-
stitution effect; with the breeder system nuclear energy

thus becomes more or less a domestic source of energy. The
decisive aspect is that in the long run the whole nuclear

fuel cycle can be installed in each country and with sufficiently

long lead times with thermal reactors, breeder reactors can



be fed from this system's "waste" for decades without new
natural uranium having to be imported.

In addition to purely technological requirements, nuclear
energy utilization in a country should also be correlated
with the size of the power station pool as well as the infra-
structural and administrative circumstances in order to be
able to present evidence for the point at which utilization
of nuclear energy should begin and establishment of the nuclear
fuel cycle should be decided. These specification factors

are by no means to be quantified in the same way as the ratio
of domestic primary energy production to domestic primary
energy consumption, or domestic primary energy reserves to
domestic primary energy consumption, nevertheless they are

of at least the same quality as the expected electricity
growth rates over the next 50 years which have a decisive
influence on the extension rate of nuclear power stations

in the electricity sector of a country.

If these uncertainties are included, then the criteria assumed
for nuclear energy perspectives in the next 50 years (initiation
of nuclear energy utilization in a country with a minimum
electricity demand of 20 TWh/a; closing the fuel cycle and
breeder utilization at an installed nuclear capacity of approx.
20 GW) can only be seen as reference values especially since
socio-political problems of nuclear energy application can

only be included in the calculations in a qualitative form
(continuity of extension rates).

A global nuclear energy strategy based on these criteria
can lead to the worldwide extension of nuclear energy shown

in Fig. 2.1 which could achieve an installed nuclear power

station capacity of almost 4,000 GW in 2030 (in comparison

to this the installed nuclear power at the end of 1982 was

173.1 GW) which would be operated in 74 countries of the

world (see Fig. 2.2). However, this requires that the acceptance

problems be rapidly overcome and Superseded by a continuous



further development of nuclear energy-application and the
timely realization of a spent fuel management strategy which
can only consist of reprocessing and recycling the useful
substances in the reactor from the aspects of fuel economy

and environmental conservation. At the same time as fulfilling
these prerequisites, it appears that if the model assumptions
are considered (especially the 20 GW rule) the fuel cycle

will be closed in 23 countries by 2030 and the step by step
transition from the light-water reactor to the fast breeder
will have begun. Breeder capacity in operation by 2030 is
almost 1000 GW or 25 % of total global nuclear power in that
year. This breeder application reduces the worldwide demand
for natural uranium to about two thirds of that without breeder

utilization.

In additién to this rather perspective outlook into a possible
nuclear future, the path by which it is reached is also of
interest, i.e. short- to medium-term development in the next
10 to 20 years. This period is characterized by decisions
pending in the spent fuel management sector and overcoming

acceptance problems.

Excellent operating experience with the world's approximately
300 working nuclear power plants have shifted the emphasis

of negative attitudes to nuclear energy towards spent fuel
management. Experience with commercial facilities is available,
but spent fuel volumes have not previpusly required large

plant units /2.1/. Closing the nuclear fuel cycle assumes

a key position today in the train of an extended application

of nuclear energy and with respect to acceptance of nuclear
energy now associated with spent fuel management. The countries
exporting nuclear power stations are therefore especially
concerned to close any gaps in the nuclear fuel cycle still
present in their own country in order to thus obtain competitive
advantages. However, this is not to say that the countries
exporting nuclear power stations will automatically take

on supply and spent fuel management of the exported nuclear
power stations; they only have the chance of additionally

offering this in case of emergency.



A glance at Tab. 2.1 shows a survey of the fuel cycle activities
of the most important nuclear exportérs. In addition to current
capacities (in each case the first line) plans for extensions
within the next few years are also compiled. The Soviet Union,
which largely provides supplies and spent fuel management

for the Eastern Bloc, is not represented since there are

no reliable data about its capacities. On the other hand,

Japan has been included although it has not yet received

any export contracts because its entry into the export market

can be expected on the basis of its available know-how,.

The advantages of the USA and France are clearly visible

since, if Barnwell receives operating permission, they will

have closed fuel cycles on a commercial basis at their disposal.
The United Kingdom,. Germany and Japan will admittedly be

able to close gaps in their reprocessing sector, but nevertheless
in the supply sector they will always be dependent on supplies

of nmatural uranium or natural uranium deposits in the recipient
country.

These five countrieé will at least determine nuclear ﬁransfer
in the western world in the next two decades and will thus

be responsible for the extent to which fissionable materials
and nuclear technologies are exploited conscientiously and
peacefully. This means that they must develop appropriate
modalities and rules for nuclear transfer, and especially

for spent fuel management, which must be valid over .and above
the national sphere. The more so, the less they are interested
in undertaking spent fuel management of their exported nuclear
power stations on their own territories. For example, the

"20 GW rule" must be discussed again to the end that closing
the fuel cycle may possibly already appear meaningful at

an earlier point in the recipient country.

The criteria which could be decisive for this are discussed

in detail in the following Chapters. The objective is by

no means to capture export trade for the Federal Republic

of Germany but rather to provide access to the peaceful uses



of nuclear energy under non-proliferation conditions for
dll countries interested in nuclear energy and also to counteract
in the long term any possible abuse which could be encouraged

by refusing transfer of nuclear technology.
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3. POLITICAL AND LEGAL BOUNDARY CONDITIONS

(Existing International Mechanisms)

3.1 Introduction

The perspectives for the future global development of nuclear
energy indicated abd?e lead one to expect that the connection
between peaceful and military uses can in future represent

an important aspect of discussions about an appropriate ﬁorld
nuclear regulation. The more countries increasingly develop
their own nuclear programs, the more urgently does the question
arise about the possibilities of breventing horizontal pro-
liferation. From this point of view it can be expected that

in the coming years heated disputes will arise about whether
and to what extent new international instruments will have

to be created to contain the danger of new nuclear weapons
states. The planners of future peaceful uses of nuclear energy
have to account for these controversies to be expected. If
this is neglected then the military aspect of nucléar energy
could be;ome the Achilles' heel of peaceful uses which could
one day raise extremely difficult fundamental problems of
further developing peaceful uses. On the one hand, the case

of an actual increase in the -number of nuclear weapons states
must be considered and the possible resulting reactions of

the international community. On the other hand, it must also
be taken into account that the sensitization of the public

to the problems of modern technology could be so extraordinarily
advanced in future that even minimal aspects of the risks

of such technologies could be pushed further and further

into the limelight. From this point of view, the connection
between peaceful and military uses also requires far-sighted

planning.

Discussions in the past decade have adequately demonstrated
how difficult and intricate the evaluation of this connection
to the former is. Future considerations will have to be based
on the practical results of these discussions., It thus also
appears particularly significant for the subject of this
study to represent recent developments in this problem area

in context and to point out existing tendencies.
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3.2 The Significance of Art. IV of the Non-Proliferation Treaty

It is to be assumed that the Non-Proliferation Treaty will

also in future remain the central instrument of the international
community in preventing the horizontal spread of nuclear
weapons. More than 114 countries have signed the Treaty up

to now; the most recent signatory is Egypt. In surveying

the development in international relations in the postwar
period, it can be established that the Non-Proliferation

Treaty appears to be the global convention (apart from relin=-
quishment of the use of force in the UN Charter) in which
states have accepted the most far-reaching losses of national
sovereignty; this is true both of the relinquishment of weapons
acquisition as well as of the acceptance of the safeguards
system agreed upon in the Treaty. This development seems

all the more remarkable since these losses naturally do not
affect all countries but only those who have not yet detonated
any nuclear weapons. The Treaty has not yet been violated

by any state. Admittedly the fact remains that a number of
states, whose accession would seem particularly urgent from

an international point of view because of their status as
nuclear threshold countries, have not signed the Treaty.

How problematic the boundary conditions agreed upon in the
Non-Proliferation Treaty appear in retrospect can be seen

from the fact that at the second review conference in 1980

the member states were unable to reach any joint communiqué
with a factual content; the most important points of contention
at the conference were the tardy progress of the nuclear
weapons states' efforts at disarmament mentioned in Art. VI

of the Treaty, as well as the insufficient transfer of nuclear
energy to the developing countries.

The role of the peaceful uses of nuclear energy within the
regime of the Non-Proliferation Treaty is regulated in Art. IV
of the Treaty. This regulation requires closer elucidation
since the connection between military and peaceful uses of
nuclear energy is continually made in international discussions

and in this respect Art. IV contains the pertinent regulation.
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Art. IV shares in the binding nature of the Treaty as g'whole
under international law. An analysis of the wording and history
of its origins does not reveal any arguments to the contrary.
The:Federal Republic of Germany in particular emphasized

the binding nature of Art. IV even before it came into effect.

As far as the content of the contractual obligations in accord-
ance with Art. IV are concerned then considerable difficulties
appear in their interpretation. The wording is chosen in

such a way that a clear definition of the contractual obligations
hardly seems possible, It can on the one hand certainly be
determined that Art. IV cannot be interpreted in such a way

that by Art. IV countries are entitled to free access to

nuclear technology existing in the states under obligation.
However, on the other hand it can also be safely said that

it would be contrary to the terms of the Treaty if a state

under obligation were to absolutely refuse all cooperation

with third countries in the field of nuclear technology f(or

an essential section thereof). There are also especially

good reasons in favour of an interpretation according to

which a state under obligation is forbidden by Art. IV to

arrange international cooperation under exclusively commercial
aspects. Only such an approach assigns the independent obligation
to cooperation to Art. IV which was to be contained in this
regulation according to its wording and intention. In practice,
the NPT signatories have only abided by this rule to a limited
extent so far. However, it cannot be assumed that the contractual

obligations have changed in view of this practice.

In evaluating the Non-Proliferation Treaty from a German
point of view particular attention must be drawn to the fact
that Art. IV of the Treaty does not only oblige the nuclear
weapons states but also all contracting parties who "are

in a position" to undertake the cooperation mentioned in

Art. IV. This therefore also includes those non-weapon states
who already have a developed peaceful nuclear program at

their disposal.
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3.3 Possible Further Developments in the Safeguards System

3.3.1 Introduction

The central position of safeguards as measures for preventing
proliferation has been featured again and again in various
international discussions, such as for example the INFCE
Conference. Nevertheless, attention has also constantly been
drawn to the limitation of the technical possibilities cof
IAEA international safeguards. According to the various model
agreements, IAEA safeguards are not designed to physically
prevent a diversion or misuse of nuclear material but rather
only to detect a diversion and thus to give a political mechanism
~consisting of suitable sanctions the opportunity to inter-
vene. Particular significance is attributed to the aspect

of deterrence which is provided by the risk of discovery.

The IAEA has always been able to refute in detail any accusations
about its effectiveness /3.1/. Thus no anomalies have been stated
in the annual IAEA Safeguards Implementation Reports up to

now /3.2/. Recent problems arising in safeguarding a Pakistani
facility are based on the inadequacy of older safeguards
agreements and not on the limited technical possibilities

of safeguards themselves. For example, camera systems as

required by the IAEA to be established in the Pakistani facility
have already been applied for a considerable time e.g. for
monitoring German nuclear reactors /3.3/.

Two sets of problems from recent safeguards discussions are

to be analysed in this Chapter, Firstly, the demand is made

in connection with the Iraq affair that the monitoring range

of safeguards should be extended /3.4/. Namely, in addition

to current inspection models, in particular the processing

of undeclared nuclear material in clandestine facilities

should be made discoverable by suitable detection systems.

The inherent problems of these general demands for implementing
the model agreements will be discussed in detail. In the

.second section the potential of technical improvements in

the nuclear material accountancy (NRTA)

and extended containment &
surveillance sectors will be dealt with.
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Real-time-accountancy systems make use of process data in

order to achieve short-term statements about the flow and
distribution of nuclear material in a facility. So-called
extended containment and surveillance systems monitor whole
sections of the facility by means of electronic sensors such

as motion detectors or camera systems. The objective of these
recent improved measures is in particular reduction of inspection
effort in large sensitive process facilities for enrichment

and reprocessing.

3.3.2 Credibility and Technical Solutions

The question of whether international safeguards can ensure

a credible deterrent against proliferation on the basis of

the peaceful uses of nuclear energy has been present throughout
their existence. However, this problem has dramatically stepped
into the centre of political and public interest with the

events in Iraq. Within the framework of discussions on increasing
the effectiveness of present safeguards a series of suggestions
have been put forward which are particularly intended to

improve the technical elements of safeguards.

These comprise:

1. Further development of measuring, monitoring and control

instrumentation and their demonstration to the IAEA.

2. Quantification of safeguards goals: The concept of significant
quantities of nuclear material and the timely detection
of a diversion is converted into numerical values and
should serve as the basis for the conception, implementation

and evaluation of safeguards systems.

3. Development of an evaluation method: Systematic approaches
shall be compiled towards an objective evaluation for

the comparison of safeguards systems.

4, Quantification of effectiveness: As a part of Point 3

the detection probability for all possible diversion
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scenarios shall be analysed and evaluated on a plant-specific

basis.

5. Development of future safeguards approaches for sensitive
facilities: The established safeguards measures of material
accountancy and containment & surveillance are to be both
extended and intensified in order to be able to cover
the quantified safeguards goals for facilities with a

large throughput.

6. Extension of the scope of safeguards: The technical task
of NPT Safeguards consists of verifying the presence of
nuclear material subject to safeguards. This is essentially
laid down in Para. 29 of INFCIRC/153 where nuclear material
accountancy is taken as the safeguards measure of fundamental
importance. Considerations concerning the introduction
of new measures, such as monitoring pipelines at the perimeter
of the pﬁocess area, monitoring operating parameters not
directly related to the flow of nuclear material {(process
monitoring), as well as rapid process inventory taking,
indicate the beginning of a tendency going beyond pure
nuclear material safeguards into the plant monitoring

sector.

7. Considerations with respect to undeclared nuclear material:
Demands for including undeclared nuclear material in the
diversion scenarios is closely connecteéd to the problem
of misusing facilities.

So-called near-real-time-accountancy can be mentioned as

an example of a purely technical solution. In process facilities
with a large throughput of sensitive material (reprocessing
plants, MOX fabrication plants etc.) there are doubts about
sufficient sensitivity with respect to the timeliness of

detecting the diversion of a significant quantity of nuclear

material by annual inventories alone., Intensive studies are

currently being undertaken to establish the extent to which

this situation can be improved by process inventories repeated

at brief intervals. The boundary condition is that plant
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operation must not be impaired in any way (principle of non-
intrusiveness). This generally presupposes additional process
instrumentation as well as closer cooperation between operator
and inspector in order to guarantee the credibility of the

data provided by the operator.

Previous model studies show that such methods could ensure
improved safeguards effectiveness with respect to detecting
abrupt diversions of significant quantities and that they
would also be in a .position to provide valuable indications
about protracted, systematic material losses. This latter
characteristic is also of particular interest from the aspect
of operational process monitoring (criticality control etc.)
/3.5/.

A second example is given by the increased application of

¢/s measures as closed systems for monitoring large process
areas. These so-called penetration monitoring systems should
be designed in such a way that all relevant diversion paths
leading from a defined facility sector are covered by suitable
instrumentation. However, there are currently problems in

the practical availability of reliable c/s instruments tested
and accepted by the IAEA. There are moreover some conceptual
problems, as for example the logical impossibility of recognizing
all diversion paths as such and monitoring them. The present
tendency is to proceed with the development and application

of new, improved c/s equipment, but to continue to consider
their application as supporting the fundamental measure of
material accountancy. No other method is possible since in

the case of a c¢/s alarm, accounting procedures may, under

certain circumstances, become necessary again.

3.3.3 Disadvantages of Purely Technical Solutions

All approaches for improving and further developing international
safeguards must be oriented towards the political boundary
conditions before introducing technical solutions., Problems

of a legal and conceptional nature which could Jjeopardize

the whole safeguards system and its objective must always

be included in detail when determining new criteria.
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One of these problems has already been implied; namely the
approach of changing nuclear material safeguards towards
plant control. Other suggestions mentioned above also require

critical commentary.

From the point of view of systems analysis, it is extremely
important to have available quantified safeguards goals,

i.e. significant quantities and timeliness criteria. Inspection
frequencies, measurement accuracies required for the accountancy
system, statistical sampling plans for verification etc:

can be planned and determined on the basis of these types

of quantity. However, if these quantified goals are used

as an absolute yard stick which has to be achieved as part

of a safeguards system then the credibility of safeguards

can also be questioned in future if, for example, tightened
safeguards goals are applied to a whole state and not to

a single facility. Assuming this it is therefore understandable
that a safeguards system will be neither credible nor feasible
today or in future. Similar conditions result for large repro-
cessing plants with a high annual throughput of nuclear material
where the inaccuracy involved in drawing up a balance far
exceeds the goal quantity. To conclude from this that such
facilities represent a proliferation risk and therefore should
not be constructed or operated is a conclusion which has

already been drawn in the past by various parties and which

has been refuted in detail within the INFCE Study /3.6/.

Methodologies for evaluating and qQuantifying safeguards effective-
ness could be especially advantageous if various safeguards
concepts are to be compared with respect to their inspection

and instrumentation effort. However, the limitations of such
methodologies must also be clearly defined here. Thus for

example in large process facilities in the nuclear fuel cycle

an open end to diversion strategies arises with continually

growing technical complexity. Quantification of the probability

of detecting anomalies which are connected with such abuse

strategies, as well as the effectiveness of corresponding
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countermeasures to expose these strategies is an extremely
difficult systems analysis problem since a large number of
subjective elements also have to be included. In conclusion
it can be said that although progress has been made in the
nuclear material accountancy sector in quantifying the goals,

¢/s measures are still in their initial stages /3.7/.

If one summarizes considerations on evaluating effectiveness
then it becomes apparent that if a state is sufficiently
motivated and has the appropriate capabilities available

then it can acquire strategic nuclear material. It is therefore
doubtful whether a rigorous and systematic documentation

of all conceivable diversion strategies, as demanded for

all sensitive facilities under IAEA safeguards, is meaningful
and whether the general non-proliferation framework would

not thus be exceeded for the IAEA. Safeguards can be regarded
here as an applied science which is in a situation similar

to that sometimes occurring in other fields of science, namely
that theoretical considerations obscure practical experimental
facts. Thus for example international IAEA working groups
of.experts are discussing possible detéction of diversions
through containment boundaries instrumented with the most
varied conceivable monitoring instruments, but which ignore

the fact that current containment-surveillance systems available
to the IAEA are limited to simple cap-and-wire seals and

film cameras.

Proliferation scenarios based on undeclared nuclear material

in safeguarded facilities must consider two aspects. On the

one hand, it can be convincingly stated that the credibility

of safeguards can be increased if one takes the possible

misuse of a commercial facility with undeclared nuclear material
into consideration. On the other hand, however, the imputation
of these scenarios can cast doubt upon both the general objectives
of safeguards as well as the technical basis with which safe-
guards goals can be achieved. The introduction of undeclared
nuclear material into a safeguarded facility is of minor signif-
icance if one considers that it would be much simpler for

a state to produce weapon-grade nuclear material in a clandestine
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facility. If undeclared nuclear material is to be considered

in a safeguards system for an NPT signatory state then Para. 29
of INFCIRC/153 which designates nuclear material accountancy

as a safeguards measure of fundamental importance seems to

be completely meaningless. Material accountancy can only

be employed for declared nuclear material, concealed sources

of undeclared material channelled into a facility cannot

in principle be detected by accountancy measures. Nevertheless,
containment/surveillance measures, already employed to simplify
accountancy, permit a solution of these problems under certain

circumstances.

A similar problem, connected with that of undeclared nuclear
material, is so-called borrowing of nuclear material. Such
nuclear material is "borrowed" from a safeguarded facility,
converted into a weapon-grade form in a safeguarded process
facility and subsequently used for military purposes. The
demand for inclusion of so-called borrowed nuclear material
in diversion scenarios, particularly associated with reprocessing
and enrichment facilities, would lead to the design of a
double safeguards system for this type of nuclear material.
Firstly in the facility from which it was originally diverted,
and secondly in the facility where it was reprocessed for

military purposes.

Non-proliferation transparency can be increased by additional
information obtained throughout the whole fuel cycle. A closed
fuel cycle with corresponding reprocessing would thus have
advantages. International relations within the framework

of multinational cooperation could also have a part to play
here by taking the safeguards credit of such models into
closer consideration. The problem is, however, the extent

to which considerations of this kind can aftually be included
in the legal framework of INFCIRC/153 or e.g. in negotiations
on facility attachments.

The safeguards agreement INFCIRC/153, which forms the basis
of all bilateral agreements concluded by NPT signatory states,

defines the tasks of safeguards as follows:



- 23 =

".. 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.”

It becomes apparent that this goes beyond the purely technical
task of detecting a diversion by also including deterrence

due to the risk of detection for a potential divertor.

The risk of detection could be simply defined as the product

of the probability of detection and the consequence of detection.
THe second factor in this definition has not yet been quantified
and therefore the IAEA only allocated a value to the first
factor, namely probability of detection, in its provisional
quantifications of safeguards goals. 90 - 95 % is currently
assumed. The consequences of detecting an NPT violation for

a highly developed non-nuclear weapon-state with a multiplicity
of international obligations in the economic and trade sector
must be regarded as very serious. The risk of detection for

such a state must therefore also be regarded as high even

if detection probabilities are low, regarded in absolute terms.

It therefore appears that technical improvements and systems
analyses in the safeguards sector are feasible, necessary

and meaningful. However, it must be remembered that the safeguards
system should be exclusively limited to the verification

of declared material and information. If this assumption

is not made and this safeguards limit is exceeded then suggestions
of improvements which were originally intended to increase

the credibility of safeguards could have the opposite effect;

namely, safeguards objectives and the technical instrumentation

available can no longer be brought in line.

By way of summary, it can thus be established that:
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1. Every member state of INFCIRC/153 is obliged in principle

to declare all sensitive material; exceptions are only
valid if this is envisaged in INFCIRC/153.

2. Only materials entered in the inventory list - compiled
in accordance with § 41 INFCIRC/153 are subject to
safeguards by the IAEA; INFCIRC/153 envisages a special
procedure in § 73 for the case that a state does not

declare material subject to safeguards.

3. Within the framework of routine inspections, the inspectors

only have right of access to those strategic points
which have been expressly agreed upon between the IAEA

and the member state. Within these strategic points

the inspector's inspection right also refers to commercially

sensitive points.

4, It is the IAEA's task to detect diversion of nuclear
material. Physical prevention of diversion by the IAEA
is not envisaged, neither is it feasible. The IAEA has

fulfilled this task in an excellent fashion.

3.3.4 Object and Extent of IAEA Safeguards Rights in Accordance

with INFCIRC/153

A legally watertight analysis of the questions mentioned

in certain documents /3.8/ about the extent of IAEA rights

in accordance with INFCIRC/153 must separate three problems
from each other. The documents mentioned above mix up these
questions to some extent which in part considerably impairs

the clarity of the statements.

1. Must a signatory state declare all special fissionable
material to the IAEA in the sense of § 112 INFCIRC/153
or Art. XX of the IAEA Statute?

2. Which materials are subject to the IAEA's safeguards

authority?
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3. In what manner is the IAEA authorized to fulfill its
safeguards obligation?
In particular
a) Can the IAEA also operate in those areas of a facility
subject to safeguards where, according to specifications
-from the contracting state, there is no declared

material?

b) Can the IAEA also operate in those areas of a safeguarded
facility in which, according to the specifications
of the contracting state, there is indeed declared
material but safeguards are not necessary in these

areas in order to exercise control functions?

c) Can the IAEA also operate in those areas of a facility
subject to safeguards in which there is declared
material but which, in the view of the contracting
state, should not be accessible to the IAEA inspectors

for reasons of protecting commercial know how?

There is no unambiguous statement about material to be declared
in INFCIRC/153. § 1 determines that "all source or special
fissionable material in all peaceful nuclear activities within
(the state's) territory, under its jurisdiction or carried

out under its control anywhere" should be subject to IAEA
safeguards; the formula "in accordance with the terms of

the Agreement" is appended. § 1 concerns, according to its
title, the "Basic Undertaking" of the signatory state; § 2
("Application of Safeguards") similarly determines the material
subject to safeguards. § 7 makes use of the clause "all nuclear

material subject to safeguards under the agreement",.

§ 40 ("Subsidiary Arrangements'") determines that the control
activities of the IAEA should refer to "the nuclear material
listed in the inventory provided for in § 41"; however, § 41

itself only picks up the formula "all nuclear material in
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the State subject to safeguards under the Agreement" again.
Finally,  -a regulation also of significance in the present
context is to be found in § 51, according to which the state
must alsé inform the IAEA about any material outside the
facilities. This material is also subject in principle to

safeguards according to § 51.

Provisions concerning material not subject to any safeguards

are to be found in § 36 ff. Four categories are formed:

(a) Material which is applied in certain instruments,

(b) material which, in a permissible fashion according to
§ 13, is applied for non-peaceful uses,

(c) plutonium at a certain concentration and

(d) slight quantities of material more closely defined in
§ 37.

Furthermore it must be remembered that in accordance with

§ 2 the purpose of safeguards is to establish that the monitored
material is not employed for the construction of nuclear

weapons or exblosive devices. If one regérds the pertinent
standards depicted here as a whole then there are good reasons

for saying that all sensitive material must be declared.

This is particularly indicated by the fact that INFCIRC/153
intends in principle to subject all material to safeguards

and that exemptions are separately listed. This technique

of rule and exception generally indicates that exceptions

to the rule are only considered where this is expressly en-
visaged. This is especially to be assumed where the exemptions
are enumerated. The consequent assumption of an obligation

to make a complete declaration is finally also supported

by the purpose of IAEA safeguards expressly mentioned in
INFCIRC/153.

3.3.5 Which Materials are Subject to the IAEA's Safeguards Obligatio

AcCording to § 40 INFCIRC/153 already mentioned, all materials

listed in the inventory provided for in § 41 are subject to
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safeguards. This inventory is to be compiled by the IAEA
in the initial phase and afterwards to be adjusted to the
current situation. All '"nuclear material subject to safeguards

under the Agreement” (§ 41) is to be listed.

The term "nuclear material" is defined in § 112. This regulation
refers to Art. XX of the IAEA Statute which precisely defines
the concepts "special fissionable material" and "source material".
In this context it must also be noted that § 107 also contains
its own definition of the term "inventory change"” which assists
in determining the extent of the member state’'s obligation

to report to the IAEA in accordance with § 62 ff. It thus
appears that the categories of material mentioned in § 107

must be included in determining the extent of the obligation

to provide reports; the concept of "nuclear material" in

the sense of Art. XX of the Statute becomes particularly

concrete in § 107.

In interpreting § 41 the question arises of the treatment

of those materials which are subject to safeguards according
to the agreement between the IAEA and the signatory state,
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