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EURATOM EXPERIENCE IN SAFEGUARDING REPROCESSING 

AMD THERMAL REACTOR MIXED-OXIDE FUEL ELEMENT FABRICATION 

FACILITIES WITHIN THE EUROPEAN COMMUNITY 

1« Introduction 

Since 1966, Euratom has been safeguarding civil reprocessing inside the 
European Community. With the exception of the United Kingdom, which 
entered the European Community only-in 1973, all civil reprocessing 
whenever and wherever it occurred in the Community has been under 
Euratom safeguards. 

There is no doubt that Euratom experience is mainly limited to small 
and medium-sized facilities. However, some test runs have been 
performed at a large-scale facility. 

As far as thermal reactor MOX fuel fabrication is concerned, this fuel 
cycle has been practised by the European reactor operators for several 
years on a test basis. Consequently, this type of fuel element 
fabrication is still in the experimental stage. As in the case of 
reprocessing, all fabrication of Pu-bearing LWR fuel has been under 
Euratom safeguards since the very beginning. 

2. Legal basis and instruments for the application of safeguards in the 
European Community 

2*1. Legal basis 

Safeguards in the European Community are based on Chapter VII 
(Articles 77 to 85) of the Euratom Treaty. The objectives of 
safeguards are defined in Art. 77 » 

"... the Commission shall satisfy itself that, in the territories 
of Member States , 

a) ores, source materials and special fissionable materials are 
not diverted from their intended uses as declared by the users; 

b) the provisions concerning supply and any particular safeguarding 
obligations assumed by the Community under an agreement 
concluded with a third State or an international organisation 
are complied with. 1) 

1) Such as 1 

1. Agreement for cooperation between the Government of the United States 
of America and the European Atomic Energy Community (EURATOM) 
concerning peaceful uses of atomic energy. 

2. Agreement between the European Atomic Energy Community (EURATOM) and 
the Government of Canada for Cooperation in the peaceful uses of 
atomic energy* 

3* Agreement between Belgium, Denmark, the Federal Republic of Germany, 
Ireland, Italy, Grand Duchy of Luxembourg, the Netherlands, the 
European Atomic Energy Community and the International Atomic Energy 
Agency in implementation of Art. I l l , ( l ) and (4) of the Treaty of 
the Non-Proliferation of Nuclear Weapons. 
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It may be worthwhile to underline that the application of the Safeguards 
Agreement concluded between the Community together with 7 Member States 
and the IAEA for the implementation of the KPT is easily covered by 
paragraph b). However, the Buratom Safeguards go beyond the scope of NPT 
in two aspects. They cover the total fuel cycle (from ores to reprocessing 
of irradiated fuel) and control the specific use of the material within 
the framework of the EURATOM Treaty, while KPT is limited to the verification 
that no safeguarded material is diverted to nuclear weapons or other 
nuclear explosive devices. 

The particular importance for reprocessing facilities has been taken into 
account by Article 78, 2nd paragraph : 

"The processes to be used for chemical processing of irradiated material 
shall be subject to the approval of the Commission to the extent that is 
necessary for the achievement of the purposes stated in Article 77*" 

This need for approval enables the Commission to exercise its influence 
from the design phase on in order to ascertain that the processes used 
can be safeguarded. 

For the attainment of the safeguards objectives the Commission has issued 
the Commission Regulation (Euratom) No. 3227/76 of 19 October 1976 
concerning this application of provisions on Buratom safeguards. This 
••new Regulation" had to replace the former Regulations 7 and 8 (dating 
from 1959) in order to fulfil the obligations of the Agreement between 
Buratom and the Internati nal Atomic Energy Agency of 5 April 1973. 
If necessary, the Commission specifies in "particular safeguards provisions" 
the additional procedures by which the persons or undertakings concerned 
have to meet the requirements in relation to safeguards imposed on them. 

Safeguards system 

The following is a condensed description of the system* 

By virtue of the Euratom Treaty, anyone setting up or operating facilities 
for the production, separation or use of source materials or special 
fissionable materials or for the processing of irradiated fuels, is 
required to make a declaration to the Commission setting out the basic 
technical characteristics of such facilities. 

The Comaission further requires the maintenance and production of 
operating records in order to permit accountability for ores, source 
materials and special fissionable materials used or produced* The 
persons and undertakings concerned communicate accountability reports 
to the Commission* The nature and format of such reports are defined 
in Regulation No* 3227/76 (see above)* 
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The Commission is entitled to send inspectors into the territories of 
Member States. They have at all times access to all places end data 
and to any person who by reason of his occupation deals with materials, 
equipment or facilities subject to the control to the extent that is 
necessary for the achievement of the purposes stated in Article 77« 
They have the right of obtaining and verifying the accounts. 

Specific application of safeguards to reprocessing plants 

General 

The objectives of reprocessing of irradiated nuclear fuel are mainly : 

- separation of the remaining uranium which is to be re-used for fuel 
fabrication after re-enrichment; 

- separation of the produced plutonium which is to be used for the 
fabrication of fuel elements for thermal recycling or for fast 
breeder reactors; 

- separation of the fission product and conditioning of hulls and 
structural materials for final disposal. 

From the safeguards aspect, the reprocessing plant has a considerable 
importance : 

- during the time an irradiated fuel element is held by the reactor 
the quantities of nucle&x material contained in it are calculated 
values based on irradiation history; only after dissolution can 
these materials be measured in an exact way, thus the real quantities 
known; 

- after separation of the fission products and separation of plutonium 
from uranium, the plutonium is obtained in such a form that particular 
safeguards measures are required with respect to the risk of 
proliferation of nuclear weapons. 

Approval according to Article 78/2 before start-up of reprocessing 

The approval procedure referred to above is implemented in the 
following way. 

a) Firstly the Commission examines the construction plan submitted 
to it, the chemical techniques, the equipment and methods for 
measuring the quantities of materials described and also the 
operating conditions, to ascertain whether they are permissible 
and in accordance with Chapter VII of the Treaty. It coi&rnunicates 
its decision, v?hich is to be regarded as a part-approvrJ., to the 
operator. 



b) The Commission subsequently examines whether the reprocessing 
plant has been erected in accordance with the plans which it has 
approved. It satisfies itself on the proper functioning of the 
accounting system for source and special fissile materials. The 
Commission also examines the techniques selected by the facility 
for calibrating vessels and for material accounting, as well as 
the results oi these, the analytical methods for nuclear material 
and the specification for all the measuring instruments in use, 
which means in effect all the procedures on which the materials 
accounting is based. 

c) On the basis of the results of the commissioning test period and 
the cold runs the Commission finally grants approval. 

Safeguards applied during: operation of the reprocessing plant 

During the operational phase of a reprocessing plant, accountancy, 
containment and surveillance measures are applied. 

Accountancy 

For accountancy purposes material balance areas and strategic points 
which are key measurement points for flow and inventory verification 
are determined. A reprocessing plant is usually divided into three 
material balance areas. 

1) The shipper/receiver difference area (SKD-MBA) : 

Thi3 part of the facility consists of the irradiated fuel element 
storage. The material is itemised and accounted for on shipper's 
data. 

At the time of transfer to the chemical process an input analysis, 
i.e. the receiver value, is established. 

It will be clear that the establishment of this real figure involves 
more than a simple sample taking at the dissolver. A series of 
corrections and correlations are applied to achieve the real value. 

2) The material-unaccounted-for area (MUF-MBA) : 

In this process area the separation of plntonium, uranium and fission 
products is performed. The measured input quantity is treated by 
several extraction and purification steps resulting in a pure Pu-
nitrate product and a pure uranyl-nitrate product. 

The material balance over a certain period, usually every six months, 
gives a difference quantity, unmeasured or disappeared, possibly 
diverted, known as MUF. 

The boundary between the SKD arid KUF MBA's ir easy to fix on paper 
but in a real facility many factors play an important role such as J 

- mechanical losses during chopping 
- losses in chemical dccladding 
- recycling of acid for dissolution 
- hulls losses 
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3) The product storage MBA : 

The final products are stored in this area awaiting shipment. 
In this area the quantities of material are itemised again and 
usually sealed by the inspectors. No changes should occur and 
no new measurements are performed. 

Inspection practices 

Once tho plant has establiehed its procedures in the design information 
and has obtained the approval of the Commission for operation, the 
task to be performed by the inspectors is laid down in a manual for 
each facility taking into account its specific aspects. The inspectors 
verify all main measurements performed by the facility, i.e. arrival 
of irradiated fuel, input and output measurements, waste flows, 
physical inventory takings, calibration of tanks and instruments and 
analyses performed at the plant laboratory. Such verifications include : 

- weight, volume and density measurements, determination of concentration 
and isotcpic composition of nuclear materials; 

- observation of plant's sampling procedures; 
- measurements of samples taken for safeguards purposes; 
- observation of plant instrumentation for weight, volume, density, 
temperature and of operator's analytical procedures; 

- observation of transfer operations in fuel storage and mechanical 
handling areas; 

- observation of clean-out procedures prior to inventory takings. 

These activities are described in more detail in chapter 4 on the 
IAEA-Euratom "joint team" system for safeguarding these facilities. 

In parallel to the physical verification, audit activities such as 
examination of records for self-consistency and reconciliation of 
reports and records are carried out by the inspectors. 

Although the main verification activities are carried out at strategic 
points for flow and inventory measurements, the inspectors have the 
right of access at any tine to all places as defined in the Euratom 
Treaty. The right of access at any time and to all information with 
respect to nuclear material under safeguards combined with the 
schedule of a continuous inspection enables the inspectors to have a 
continuous knowledge of quantities and locations of the materials. 

Containment and surveillance 

Where appropriate containment and surveillance measures are applied. 
For this purpose use is made of seals, both of the conventional box 
type and the tamper-proof ultrasonic seals which have been specially 
developed by the Joint Research Centre. Curveillance units, such as 
camera and video systems, are available. 

These mc&Gures have their most important and valid application during 
ehut-down periods. 



Experience 

Euratoia began safeguarding reprocessing plants with the start-up 
of the Eurochemic facility in Mol (Belgium) in 1°66. As a result 
of the close collaboration between Euratom and Eurochemic in the 
field of safeguards, Euratcni had the possibility to train inspectors, 
test methods and safeguards concepts and perform safeguards exercises. 

Shortly afterwards the Eurex facility in Italy started up and was 
submitted to the same kind of safeguard followed by WAK in Germany. 

The verification of chemical analyses is performed in close cooperation 
with the Joint Research Centres of the European Community. The 
experience gained over many years in these laboratories is best 
illustrated by the international test programmes for which the JRC 
plays a leading role. 

Moreover, direct support is given to the inspectors with the development 
of new sample treating techniques, assuring the conservation of the 
samples. A solid metallic spike technique for these purposes and an 
alternative method using an aluminium capsule in which minute quantities 
of the sample are dried for later analysis (storage times of over one 
year are achievable) are being developed by JRC. 

These verification activities are supplemented by the use of non
destructive measurements and the application of i^otopic correlation 
techniques. 

The facilities under safeguards control are listed in table I. 

Over the years approximately 280 tons of LEU containing 1.700 kg 
of Pu as well as 3*000 kg HEU have been processed and safeguarded 
in the European Community. 

Specific application to KOX fabrication plants 

Recycling of plutoniua for -thermal reactor - fuel fabrication 

The plutonium, which is separated in the reprocessing facility, can 
be used for recycling in power reactors : 

~ cither fast breeder reactors - normally liquid metal cooled reactors 
using fast neutrons 

- 0£ thermal mixed oxide reactors - following the same techniques as 
for low enriched oxide power reactors. 

Only the fabrication of MOX (mixed oxide) fuel for the latter case 
will be considered here as I1IFCE Croup IV activities are limited to 
this type of fuel. 
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The objectives of recycling plutonium in thermal reactors are 
as follows : 

- the Ptt produced in the reprocessing plants is not lying for long 
periods in the storage facilities awaiting the development of fast 
breeder reactors; 

- the use of mixed-oxide fuel reduces the need for low-enriched 
uranium. 

Prom the safeguards point of view KOX fabrication is of interest 
because : 

- the Pu is no longer available in an easily accessible form from 
the first production step on; 

- the amount of Pu entering and leaving the facility can be measured 
and verified without much difficulty. 

As in the case of reprocessing plants accounting, containment and 
surveillance measures are applied. 

Accounting 

For accounting purposes material balance areas and strategic points 
which are key measurement points for flow and inventory verification 
are determined. 

As in the case of reprocessing plants or any other nuclear facility 
the tasks of the inspectors are laid down in a manual for each 
facility taking into account its specific aspects. 

the inspectors verify all main measurements performed by the facility: 
input measurement, in- and output of the conversion unit, waste flows, 
physical inventory takings, calibration of tanks, scale and instruments 
as well as analyses performed at the plant laboratory. 

Such verifications include : 

- weight, determination of concentration and isotopic composition of 
nuclear materials; 

- observation of plant's sampling procedures; 
- measurements of samples taken for safeguards purposes; 
- observation of operator's analytical procedures; 
- observation of clean-out procedures prior to physical inventory 

takings. 

Experience 

Euratom is safeguarding production lines in Belgium (Belgo-NuclSaire) 
and Germany (Alkem), and also some experimental rod production which has 
occurred in several countries. 



In the case of Pu-bearing elements extensive use of NDA (non-destructive 
analysis) i s made. A variable dead time counter (VDC) has been developed 
at the JRC. In collaboration with the nuclear industry reference rods 
and rod scanners are also being developed by the JRC* 

Moreovert other electronic equipment is used such as active interrogation 
with "random-driver" equipment and gamma spectrometers. 

Safeguards in reprocessing and KOX fabrication plants applied under 
HPT conditions 

As explained above the Euratom safeguards system i s applicable in a l l 
Member States of the European Community. The faci l i t ies inside the 
Community are therefore used to a system of international control and 
inspection. To facil itate the coming into force of NPT and to assist 
the IAEA in performing i t s inspections a "joint team" approach has 
teen adopted within the framework of the Euratora/lAEA Agreement for 
the implementation of Article III of the Treaty on the Non-Proliferation 
of Nuclear Weapons. Inspections are carried out by joint teams of 
inspectors drawn from each organisation - Euratom and IAEA. The scope 
of inspection activities i s laid down in the "Facility Attachment". 
The purpose of having "joint teams" is to minimise the burden on 
operators and to avoid to the fullest extent possible duplication of 
inspection effort while at the same time enabling both organisations 
to achieve their respective safeguards objectives. 

Although the joint teams went into operation only a short time ago i t 
can be stated that both organisations are working together smoothly. 

The establishment of common working papers and the simultaneous taking 
end treatment of samples has been achieved. As a typical example of 
joint team activit ies the inspection scheme applied on a reprocessing 
plant i s given in table II . 

Conclusion and future developments 

On the basis of a close collaboration with the facil ity operators and 
on experience gained, the Community's system of safeguards has been 
developed gradually. The safeguards principle, which was applied from 
the very beginning, was similar to the one based on material balance 
areas and key measurement points for flow and inventory. It enabled 
the Commission to evaluate material balances and the related material 
unaccounted for with i t s limit 3 of error. As a consequence the 
implementation of the NPT Safeguards Agreement did not bring major changes. 

The scaling-up of the experience already gained to real commercial, 
operational, reprocessing and fabrication plants will show the need 
for more sophisticated containment and surveillance measures to meet 
the safeguards objectives as they are defined in international agreements, 
to ensure optimum cost-effectiveness and to avoid undue interference 
in the operation of fac i l i t i e s . 
With the coming into force of the NPT Safeguards Agreement in the Community, 
the Commission i s confident of the good cooperation which can be 
established with the IAEA in developing valuable safeguards practices 
for the back end of the fuel cycle based on real plant conditions and in 
taking full advantage of the experience gained in the Community over 
many years. 



Table 1 Reprocessing Facilities inside the European Community 

Plant 

Eurochemic * 

UP1 

SAP 

HAO + UP2 

ATI 

Eurex 

I t r e c 

DERE 

BNFL 

WAK 

n . • . 

Location 

BELGIUM 

Kol 

FRANCE 

Karcoule 

Marcoule 
3 3 3 3 3 3 3 S 3 3 3 3 3 3 3 3 3 3 3 3 3 : 3 S S : 

La Hague 

La Hague 

ITALY 

Saluggia 

[ 3 * 3 = 3 3 : 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 = 5 = 2 3 3 3 : 

Rotondella 

UIITTED 
KINGDOM 

Dounreay 
:axt 3 3 3 3 3 3 5 = 3 3 3 3 3 3 3 . - * 3 ŝss=* 3333=9: 

Hindscale 

FED. REP. of 
CJ'JfcKANY 

Karlsruhe 

Fuel 

- Light water r e a c t o r 
- Heavy water r e a c t o r 
- Magnox type 
- MTR 

- Magnox type 
- MTR 

- Experimental fuel 

- Magnox type 
- Light water r e a c t o r 

- Fas t breeder - MOX 

- MTR 
- Light water r e a c t o r 
- Magnox type 

3 S 3 3 3 d 3 3 3 3 3 3 3 3 = 3 3 E 3 3 3 3 3 3 : 

- Thorium-uranium 
cycle 

- MTR and f a s t breeder 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 ^ 3 3 3 3 3 3 3 3 3 : 

- K&gnox type 
- ACR 
- Light water r e a c t o r 

- Light water r e a c t o r 

* Facility cloced temporarily 



Table II 

Inspection Activity 

1. Fuel Arrival 

1.1* Check shipping documents, ask for a copy 

1.2. Verify seal on transport cask 

1.3- Item counting and identification of fuel elements, verify cask loading plan 

1.4« Verify empty cask, assure that cask leaves empty 

1.5* Identify and verify storage position of fuel elements, receipt in pond, up-date pond storage plan 

1.6. Use KDA for qualitative measurements on arrived fuel elements 

2. Storage Fond 

2.1. Verify interim inventory of foreseen fuel elements to be dissolved during reprocessing campaign concerned, 
up-date pond plan . 

2.2. Use KDA qualitative measurements on stored fuels 

2.3. Examine surveillance data and measures 

3. Transfer to Dismantling and Chopping Cell 

3.1. Examine transfer and operations records 

3.2. Verify identification number and integrity of fuel elements transferred into mechanical cell 

3.3» Verify that all fuel has been chopped and sent to the dissolver, fill in dissolver loading report 

3.4. Verify cementing and removal of leached hulls and solid waste in cell 

3.5« Observe and record hulls monitoring data 



Inspection Activity 

4* Head-End Operations 

4*1* Check that dissolution process has "been carried out in accordance with defined operational practice 

4«2. Check and record transfers and routing of dissolver solution, complete transfer sheets 

4.3. Observe sampling and sample preparation of recycled acid and arrange for sample shipment 

4.4. Record levels, densities and temperature of the following tanks: 

4«5« Observe seapling procedure 

4.6. Sample each hatch, observe density measurement, sample preparation and arrange for shipment 

4.7. Record precision instrument readings for level and temperature after sampling of (input) and after transfer 
of adjusted feed 

4.3. Record all relevant input measurement data and fill in input measurement sheet 

4«9« Check transfers and routing of recycle hatches, record instrument readings 

5. Products 

5.1. U-produot 

5.1.1 Record transfers, calculate accumulated product transfers for each storage tank 

5.1.2 Record daily level of product tanks 

5.1.3 Observe U-product load out 
- verify tare, gross and net weights 
- check hoaogenisation and sampling procedure 
- sample each batch and arrange sample shipment 
- seal transport container 

5.1.4 Complete U-product bottling sheet 

5.1.5 Exaaine transfer records (shipment) 

5.2. Pa-product 

5.2.1 Record level and density of Pu product tanks 

5.2.2 Observe Pu-product load-out operations 
- observe sampling procedure; sample each batch 

• • 



Inspection Activity 

- observe sample preparation and arrange for shipment 
- verify gross, tare and net weight of Pu product bottlos 
- seal Pu product bottle and transfer container 

3 Complete Pu-product bottling sheet 

4 Examine transfer records (shipment) 

5 Apply C & S measures at filling station 

Liquid Waste Streams and Solid Waste 

Record recorder readings for level and density of the following tanks: 

Observe stapling procedure, obtain samples and arrange for shipment 

Observe operators sampling and analysis 

Perform NDA qualitative and quantitative measurements 

Verify and record H.H. transfer for retained waste and KLW/LLW measured discards 

Physical Inventory 

For process area : 

- observe clean out operations 
- record level and densities of all tanks 
- observe operators sampling and analysis 
- obtain sample, observe sample preparation and arrange for sample shipment 
- apply C & S measures 
- apply NDA 

For item accounting areas : 

- obtain list of inventory items 
- review operators plan for inventory taking 
- update inspection plan 
- prepare sampling plan 

Evaluation of physical inventory 
- obtain preliminary list of physical inventory from the operator 
- compare operators initial data with inspection data 
- prepare preliminary evaluations for harmonization of joint team findings 
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8. Audit Activities 

Monthly, after reception of official reports 

8.1 Update book inventory monthly using facility data 

8.2 Examine records for self-consistency 

8.3 Reconcile reports and records 

9» Shutdown Activities 

9«1 Examine surveillance data 

9»2 Apply contains:ant measures at head of plant 

9*3 Containment and surveillance of uranium and plutonium product storage tanks 

10. Evaluation of Operators ?5easurement System 

10.1 Sample solution from additional leaching of hulls 

10.2 Observe the calibration of plant instrumentation for volumes, densities and temperatures and request 
recalibrations as necessary 

10.3 Observe calibration of all tanks and request recalibration as necessary 

10.4 Calibration of weighing equipment 

10.5 Observe and verify operators analytical procedures and introduce standards 


