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Abstract

The "Treaty establishing the European Atomic Energy Community" established Euratom
Safeguards in 1957. This paper provides a brief historical view of the legal basis for Euratom. It
then goes on to look at the specific application of safeguards to large scale reprocessing plants,
from a theoretical "model" to the practical application of inspectioas.

History of Euratom Safeguards

The "Treaty establishing the European Atomic Energy Community", (Euratom Treaty) defines
the provisions for the establishment of a safeguards system, in Chapter VII in Articles 77 to 85.
The treaty was signed in Rome in 1957. (Ref. 1).

Chapter VII requires the Commission to:
• Satisfy itself that nuclear material is not clandestinely misused, that the provisions of the

Euratom Treaty related to supplies (Chapter VI) are complied with and that obligations to
external suppliers are respected (Art. 77).

• To be informed of the design of nuclear plants. (Art. 78).
• To approve the techniques to be used for the chemical processing of irradiated materials,

to the extent necessary to attain the objectives set out in Article 77.
• Require accounts of nuclear material to be held and reported. (Art. 79).
• Have full access to and be able to make inspections of nuclear material (Art. 81).
• Have the right to impose sanctions in cases of non-compliance. (Art 83).
• Excludes nuclear material used for military purposes. (Art. 84).

In order to fulfil these obligations, the Commission set up an inspectorate, the Euratom
Safeguards Directorate (ESD), to deal with the numerous operational aspects involved.

The Directorate is part of Directorate-General XVII (Directorate E) and is based in
Luxembourg. It has about 260 staff of whom approximately 200 are authorised safeguards
inspectors, having access to any civil nuclear installation in the European Union (EU).

The Euratom Safeguards Directorate has grown with the growth of nuclear material under
safeguards. Now, although the nuclear industry is not expanding much, safeguards activities are
still expanding due to the presence of large amounts of plutonium throughout the fuel cycle. The
challenge to Euratom safeguards results from the large scale reprocessing installations (La Hague
in France and Sellafield in the United Kingdom) and the Mixed Oxide (MOX) fabrication plants
in operation, or under construction.
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Legal Basis

The Euratom safeguards system is founded in European Law and includes as an ultimate
step strong sanctions for infringements. It applies to all civil nuclear material from the moment it
is mined on EU territory or arrives in any form from outside the EU. Whilst principally concerned
with detecting diversion from peaceful to non-peaceful use it also checks that declarations of
specific use are correct and that obligations imposed by material suppliers are respected.

To translate the requirements of the Treaty into an applicable scheme of safeguard measures
Euratom Regulation Number 3227/76 (Ref. 2) defines the obligations of nuclear plants, the most
important being:

The operator has to declare the "Basic Technical Characteristics" (BTC) in the form of a
detailed questionnaire. The information required includes an account of the arrangements for
handling nuclear material, a description of the nuclear material, a description of the system of
nuclear material accountancy control. The precision and accuracy of all determinations and
measurements must be established. Any changes in the BTC must be communicated to Euratom.
On receipt of the BTC, Euratom can send inspectors to verify the information.

The operator must establish and maintain a system of nuclear material accounts when he
starts to handle such material. The part of the facility where nuclear material is to be found is
divided into Material Balance Areas (MBA). For each MBA the accounts must record the details
of all material which enters and leaves the area. The account must record the quantity, type,
composition, obligation etc. of the material. Other inventory changes, e.g. nuclear transformation
by irradiation or change of category must also be reported. Separate accounts must be maintained
for plutonium, highly enriched uranium depleted uranium and thorium. Within pre-defined limits
a physical inventory must be taken and reported to Euratom.

An outline programme of activities and the intention to carry out a physical inventory must
be notified.

Certain transfers, e.g. imports and exports of nuclear material must be notified in advance.
Details of the above obligations, specific to each installation under safeguards, are laid down

in the "Particular Safeguards Provisions" (PSPs), which is a legally binding document issued by
the Commission after consultation with the Member State and the operator concerned.

Safeguards at a reprocessing facility

In the early days of the commercial nuclear era the field of nuclear reprocessing was on a
much smaller scale, within the European Communities plants such as Eurochemic, in Belgium
and UP1 in France were capable of reprocessing 60 and 300 tonnes of LWR fuel per annum
respectively.

As the energy requirements of a nation grew, strategic decisions were made as to the energy
source profile for each state. France in particular favoured the nuclear route. This led to an
increase in reprocessing capacity at La Hague with the commissioning of UP2 in 1966 which
was capable of reprocessing 400 tonnes of fuel. A demonstration facility was also commissioned
at Karlsruhe in West Germany in 1971; this plant was capable of reprocessing 35 tonnes of LWR
fuel per annum.

With the accession of the United Kingdom to the European Communities in 1974, a large
scale reprocessing plant at Sellafield came under Euratom safeguards. This plant is capable of
reprocessing 1200 tonnes of Magnox fuel per annum. A further smaller reprocessing facility in
Dounreay capable of reprocessing 50 tonnes of specialist fuel was added at the same time.
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The global market for reprocessing services has consolidated in the last 20 years, there are
currently within the European Union, two large scale commercial reprocessing facilities, located
at La Hague and Sellafield.

Modifications at La Hague led to the design throughput of the UP2 facility being increased
to 800 tonnes per annum. Additional reprocessing capability in the form of UP3 was commissioned
in 1989 again this plant is capable of reprocessing 800 tonnes per annum. At Sellafield the
THORP facility was commissioned in 1994 this plant has a throughput of 1200 tonnes per annum
and is capable of recovering 8 tonnes of plutonium per annum.

The general characteristics of such a facility i.e.
• Large flow and hold up of nuclear material.
• Inaccessibility of the nuclear material in large areas of the plant.
• The complexity and high degree of automation of the operation within the facility.
• The complexity of the plant nuclear material accountancy system.

All lead to the general conclusion that the implementation of an efficient safeguards system
in such an installation presents a significant challenge.

Safeguards Approach

The development of a safeguards approach for a reprocessing facility has to take into, account
the following:
• The Basic Technical Characteristics provided by the operator.
• This defines the specific measures, which will need to be applied in order to safeguard to

the facility
• The goal quantities and timeliness defined by Euratom.

The political goal is to follow continuously each fissile atom, i.e. "gram by gram
second by second". Clearly a more practical approach needs to be developed which
takes into account, limited resources (financial and human), non-perfect measurement
systems, local agreements (e.g. PSPs) and facility conditions (24-hour operations).

The fact that modern plants are computer controlled and that all operating data is generated,
transmitted and processed automatically allows Euratom to capture data at strategic points. The
authentication / verification systems are based on the transfer and analysis of selected operating
data in near real time and in an unobtrusive manner.

This allows the fundamental objective of safeguards to be met practically. That is to say the
development and maintenance of a high degree of assurance to the effect that what the operator
declares is happening (in operating records, accounting records and reports) is an accurate reflection
of what is actually happening. '•••••

Practical Application of Inspection Activities

The first stage in defining the Inspection Activities is to consider the physical form of nuclear
material within the process, in order to develop the most practicable points for data capture. Euratom
has adopted the following model for MBA structure and Key Measurement Points (KMP).

Receipt and Storage Area. (MBA 1)

In this area the basic approach is to measure all irradiated fuel before storage. A Containment
/ Surveillance (C/S) system for maintaining continuity of knowledge before transfer is employed.
The C/S system includes optical surveillance, monitoring systems for movements within t:he
MBA, ultrasonic boltseals, which are applied to the container lid and a measurement device for
consistency checks on storage containers.
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Head End Area. (MBA 2)

Material is transferred from MBA 1 into this area where the material is sheared and then
dissolved, prior to collection in the accountancy tank. The control is maintained by C/S methods.

In addition to the primary accountancy tool of weight measurement, the output from the
MBA is monitored on specific flow routes to determine the volume, density and chemical
composition of nuclear material transferred. Other methods such as neutron determination to
follow waste routes and C/S on other potential diversion routes are also employed.

Chemical Process Area. (MBA 3)

From the previous point where accurate material accounting data is established and verified,
the approach is based on material accounting, verification of flows and inventories. The approach
is based on independent verification of the input from the accountancy tank, verification of the
output at the nitrate stage, a minimum of one verified physical stock-take per year combined
with frequent in process stock-taking.

Plutonium Product Store. (MBA 4)

All plutonium dioxide product is fully independently verified before entering the store.
Continuity of knowledge is maintained by C/S methods, these include optical surveillance, seals
and radiation detectors.

Verification and assurance of nuclear material control

The hierarchy of Euratom control can be defined as follows.
1. Independent verification of key elements (measurement of irradiated fuel assemblies,

calibration of all process vessels, check weights on weighing systems, taking of and analysing
samples.

2. Branching and logging of key operator generated data at defined points, (differential pressure
signals for tank levels, weighing signals etc).

3. Containment / surveillance measures including for example on operator's equipment after a
calibration has been established to increase the difficulty in the production of false operating
data.

4. Data transfer, which in this context means the direct transfer of operating data for all external,
key internal and inventory points in near real time for subsequent analysis.

Key implementation features

A number of novel features have been incorporated in the implementation of the safeguards
system, these include.

Design verification

The importance of prioritising verification activities with the resources available was
recognised at an early stage. As such a classification system for plant components and pipe-
work was devised. The classification was based on the safeguards relevance of the particular
item, in terms of the quantities of nuclear materials present under normal operating conditions.
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Use of Data Loggers

The operator's raw data signals are being branched and logged at several key points for flow
and inventory measurement. The results are then compared with operator declarations to give a
valuable validation of the data for the following points.
• Level, weight and density on the input accountancy tanks.
• Level and density on the buffer tanks fed by the accountancy tanks.
• Level weight and density for the plutonium nitrate accountancy and buffer storage vessels.
• Level and density for the recycled liquor from the plutonium conversion line.

The data is collected in a quasi-continuous fashion and is processed in such a way so as to
allow transfer's to be detected by a computer algorithm specially developed to detect material
movements. In this way a material transfer calculated from the operators branched raw data
signal can be compared with the operators accountancy declaration. The signal processing also
looks for the corresponding receipt, this allows the detection of diversion or inadvertent transfers
(such as splash over in divertors).

This signal processing capability has provided the on-site inspectors with a very sensitive
method for the following of nuclear material.

In process inventory taking

When the operator takes an in-process inventory, samples will be taken and analysed
independently, and the inventory itself verified on classical lines making use of the logged operator
signals for tank levels etc. and the operators data transmitted on a near-real-time basis. Each
inventory is analysed for trends and sequential statistical analytical techniques will be applied to
the results of a series of in-process inventories.

Sampling and Analysis

The inspector using authenticated sample lines witnesses a sample taking. These are placed
in tamper-proof sample transport vessels, which are then transferred to the On Site Laboratory
(OSL) where Euratom inspector analysts provide a fully independent analytical capability. The
provision of an OSL was deemed necessary due to the large number of samples generated at the
facility, the difficulty of conditioning samples for transport and the high cost of these transports.
Results will be available on a much shorter timescale than if they were transported to an
independent laboratory. This of course allows anomalies to be followed up closer to the event.

Operating data generation, transmission and treatment

A key part of the safeguards implementation scheme is the transfer in near-real-time to the
Euratom computer of an extensive set of operating data relating to all external / internal flows.
This operating data set will be validated for consistency and will be verified at different levels at
chosen points. In this way a high degree of assurance can be built up with regard to plant operations.

Quality Control I Authentication

The extensive amount of data which is transferred in near-real time to Euratom in itself
provides considerable assurance against data corruption at key points as the data sets must in
themselves present a consistent picture. The diversity in the different levels of Euratoms'
independent data also provides additional assurance on the veracity of the data set.
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In addition the following possibilities have been foreseen for quality control, authentication
and anomaly resolution.
• The possibility to inject known electrical signals into the data loggers to test response.
• The provision of radioactive sources of known strength to various instruments to establish

their calibration.
• Classical re-calibration of tanks for weight or volumetric determination.
• Sending test samples to other laboratories to control the performance of on-site analysis.
• The use of rare earth (lutetium, erbium) tracers to resolve anomalies and to recalibrate the

accountancy system.

The Lessons for Safeguards

The project to safeguard reprocessing facilities has yielded many important lessons for both
Euratom and the operator.

Early consultation is invaluable in building up knowledge of the plant construction,
commissioning and operating phases. Additional safeguard features could be built in at the design
stage leading to efficient, effective and unobtrusive safeguards under operational conditions.

Extensive use has been made of computers to analyse data. The value of the plant knowledge
has become apparent in the interpretation of the analysis provided from these data sets. This
requires inspectors to become familiar not only with the specific instrument types, but also be
able to adapt this knowledge to plant specific issues.

Conclusions

The challenge to adequately safeguard major commercial reprocessing facilities has led to
many novel approaches being developed. These lessons will also benefit other safeguard projects
as a result.

Good co-operation between the operator and regulator is essential for the satisfactory
installation of adequate safeguard controls.

The use of modern data processing technology combined with other diverse monitoring
techniques has shown that a major industrial scale reprocessing plant can be controlled under
international safeguards to provide a high level of assurance.

References

1. European Communities, Treaties establishing the European Communities (ECSA, EEC,
EAEC) Abridged Version 1987, ISBN 92-825-7657-4.

2. Official Journal of the European Communities, Commission Regulation (Euratom) No
3227/76 of 19 October 1976 concerning the application of the provisions on Euratom
safeguards. Volume 19 No L 363 31 December 1976.

3. Kaiser S, THORP A case study for the application of Euratom International Safeguards.
Energy in Europe 22/1993.

4. Rincel and Regnier, Garanties internationales dans les usines de retraitement et de
fabrication de combustibles au plutonium, European Commission EUR 17665-
Proceedings of the 19th Annual Symposium on Safeguards and Nuclear Material
Management. ISBN 92-828-0807-6.

39


