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Abstract 
We present the EURATOM nuclear safeguards system, a supranational system used to verify the 

operators’ and States’ (when required by the Additional Protocol) declarations. The verifications 

performed by the European Commission serve to conclude on the non-diversion of the civil stocks of 

nuclear materials in the territories of EU Member States (Article 77a EURATOM Treaty) and to fulfil 

obligations stemming from agreements with third States and international organisations such as the 

IAEA (Article 77b). In line with multilateral safeguards agreements and their respective additional 

protocols, as well as under the New Partnership Approach, EURATOM works closely with the IAEA 

in order to avoid unnecessary duplication of efforts while maintaining the ability of both organisations 

to reach independent conclusions. In our paper the focus lies on the verifications performed before 

transmitting data to the IAEA. Starting from the sheer volume of data we describe checks and other 

operations performed (e.g. format adaptations) on the nuclear material accountancy (NMAC) data and 

Additional Protocol declarations; including quality assurance measures. We also present some 

statistics on the related workload, including answering queries from the IAEA. We describe the IT 

tools developed by EURATOM for nuclear operators to submit their declarations and which are 

subsequently verified by EURATOM before being transmitted to the IAEA. Moreover, we present 

support activities aiming at improving the operators’ NMAC systems such as audits (including audits 

of measurement systems). We conclude by presenting the challenges lying ahead and ways to address 

them to further strengthen and improve the quality of the EURATOM work and cooperation with the 

IAEA. 

1. Introduction 

Chapter 7 of the Treaty establishing the European Atomic Community (EURATOM Treaty) [1] is 

entitled “Safeguards”. It defines in Art 77 the duty of the European Commission to “satisfy itself that 

(…) ores, source materials and special fissile materials are not diverted from their intended uses…” 

and that “safeguarding obligations (…) under an agreement concluded with a third State or an 

international organisation are complied with.” The first obligation relates to the overall duty to ensure 

non-proliferation of nuclear materials to non-civil use by controlling nuclear operators, while the 

second refers to the international obligations of the Community vis-à-vis third states and international 

organisations such as the IAEA. 

The obligations of nuclear operators under chapter 7 are set out in more detail in Commission 

Regulation (EURATOM) No 302/2005 of 8 February 2005 on the application of EURATOM 

safeguards [2]. This Regulation, based on Art 79 EURATOM Treaty, specifies the information to be 

declared by nuclear operators to the European Commission, and how and when these declarations 

must be produced. It also specifies the records that nuclear operators are obliged to produce, in order 

to allow the European Commission to fulfil its duties imposed by Art 77 of the EURATOM Treaty. 

1.1 EURATOM NMAC System 

Based on the powers assigned to it by the Treaty, EURATOM operates as the central Nuclear Material 

Accounting and Control (NMAC) system for all civil EU nuclear installations. Basic Technical 

Characteristics (BTCs) of their facilities have to be declared by the operators of every nuclear 

installation in the EU, whether this being a huge nuclear plant or just a small company, using nuclear 
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material for non-nuclear purposes. This BTC includes a description of operations but also of the 

methods and means used by the operator to account for the nuclear material (NM) in their possession. 

Operators are obliged to have a system of operating records and a corresponding NM accountancy 

system. Operators make Inventory Change Report (ICR) declarations every month and perform a 

physical inventory take (PIT) every year, resulting in the declaration of a Physical Inventory Listing 

(PIL) and a Material Balance Report (MBR). EURATOM performs verifications and carries out on-

site inspections and audits. In addition, EURATOM reports NM declarations to the IAEA and answers 

questions for clarification coming from the IAEA, as foreseen by the Safeguards Agreements and the 

Additional Protocol. In accordance with the specific obligations vis-avis third states, the Commission 

also submits annual balances of nuclear material to those states. 

The Commission's safeguards service
1
 in its Directorate-General for Energy (DG ENER) maintains the 

EU database on civil nuclear materials. During 2013 [3], approximately 8,600 accountancy reports 

(ICR, PIL, MBR), corresponding to approximately 1.9 million accountancy records, were received 

from all EU operators and evaluated. Almost half of the reports provided were prepared by operators 

by using the Commission's dedicated software called ENMAS. In conformity with the obligations 

stemming from the Safeguards Agreements with the IAEA, approximately 5,400 accountancy reports, 

corresponding to approximately 1.6 million accountancy records, were transmitted to the IAEA after 

being processed and quality-checked in EURATOMS’s headquarters.  

ENMAS has also been made available to nuclear operators to submit electronically their advance 

notifications on NM movements. In conformity with Articles 20 and 21 of Regulation 302/2005, 1,759 

Advance Notification Communications for Exports and Imports were processed in 2013 resulting in 

3052 incoming documents being treated. There were 1014 advance notification for exports and 745 for 

imports [3]. No significant variation has been observed with respect to the previous year. All such 

notifications are submitted to the IAEA. 

1.2 Additional Protocol reporting 

EURATOM is a party to the Additional Protocol of the Comprehensive Safeguards Agreement for the 

non-nuclear weapon states of the EU (INFCIRC 193/Add.8), and to the voluntary Safeguards 

Agreements (INFCIRC/263/Add.1 for the UK and INFCIRC 290/Add.1 for France). For the Non-

Nuclear Weapons States (NNWS), the Additional Protocol helps to allow the IAEA to detect 

undeclared nuclear material and activities in a state. To this end, the IAEA receives annual and 

quarterly declarations from EURATOM regarding nuclear installations and other locations related to 

the nuclear fuel cycle, as well as information on exports of certain equipment and other information. 

For the NNWS, the Commission collects all required data on nuclear sites and other locations holding 

nuclear material either directly from the individual operators, or from the Member State and on 

nuclear material with respect to ores, concentrates and waste. Eleven Member States (MS), so called 

“Side-Letter States”
2
 (SLS) have in addition asked the Commission to collect and transmit the 

corresponding data to the IAEA on their behalf. These declarations concern dual-use goods, research 

& development activities and development plans for the nuclear fuel cycle. Other Member States 

decided not to do so. 

 

The Commission's Additional Protocol Editor (CAPE) is the software application that has been 

developed specifically for AP reporting. Its use by MS and operators is encouraged, because it 

simplifies the reporting procedure for all parties. Approximately half of AP declarations are made with 

CAPE, while "Protocol Reporter" – the IAEA application – represents 12% and Excel spreadsheets 

represents 35%. With the aim of increasing the number of CAPE users during the coming years, the 

Commission provides specific training and dedicated workshops to interested MS and operators. 

                                                           
1
 All implementing tasks of the EURATOM system of safeguards are fulfilled by the European Commission, DG 

Energy, Directorate for Nuclear Safeguards. 

2
 Belgium, Denmark, Germany, Greece, Ireland, Italy, Luxembourg, Malta, Netherlands, Portugal and Spain 



3 

 

1.3 Ensuring quality of operators' and MSs' declarations 

In addition to this type of specific training, the EURATOM safeguards offers regular training on a 

yearly basis to nuclear operators and representatives of Member State national authorities responsible 

for safeguards. EURATOM also organises the provision of modern and efficient reporting tools to 

nuclear operators so that they make correct declarations. This, together with the communication of 

observations after inspections/audits and follow-up of requested actions from  EURATOM to the 

operators, contributes to the high quality of operators’ and Member States’ declarations. 

2. Verification of operators’ declarations 

The verification of the declarations of nuclear material flows and inventories by the operators can be 

split in various categories: 

2.1 First Layer Verifications 

2.1.1 Periodic Basic Technical Characteristics (BTC) verification  

 

If the BTC verification is carried out for the first time within the installation, then this is to be 

considered prime BTC verification. The activities carried out for prime BTC verification are in 

connection with the installation registration and are performed before the administrative arrangements 

for installation registration. The activities carried out for prime BTC verification are the initial steps to 

define the future safeguards approach for that specific installation. 

 

The periodic verification of BTCs refers to the activities carried out to confirm that the information 

written in the BTC continues to be correct and complete and to evaluate if the applied inspection 

scheme continues to be appropriate taking into consideration the installation design and its operations 

and available verification methods. A second objective is to check that the accounting system used by 

the nuclear operator to produce nuclear material declarations is conform to the description provided in 

the BTC declaration and is correctly established. This is done on annual basis in conjunction with 

inspections for physical inventory verification. Within flow inspections the periodical BTC 

verification is performed visually in the areas which are inspected and reported only if changes from 

the declared BTC were noticed. However, the BTC verification can also become a specifically planned 

activity, outside the above mentioned inspections, in case major changes within the installation have 

been reported. 

 

2.1.2 Nuclear materials declarations check  

 

The nuclear materials declarations checks include the conformity assessment activities performed to 

verify, amongst others that:  

 

 the declarations are done and transmitted in a timely fashion; 

 

 the declarations (including syntax and content) are conform to Regulation 302/2005 and 

Particular Safeguards Provisions (PSPs); 

 the nuclear materials declarations are conform to the descriptions found in the applicable 

BTC;  

 the requests for corrections formulated by the EURATOM or the IAEA are correctly 

reflected in declarations in the form ICRs or PILs, as appropriate. 

 

As all nuclear operators in the EU are bound to transmit the ICR declarations in electronic form, these 

are automatically fed into a database and a first verification of syntax and content is performed by an 

information sytem that takes into account the installation-specific context, i.e. the inventory change 

codes that are allowed for a given installation according to its BTCs. 
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2.1.3 Operator’s measurement system evaluation 

 

The operator measurement system evaluation includes the conformity assessment activities to assess 

the extent to which the operator measurement system is compliant to the most recent international 

standards or equivalent in quality to those.  

 

These evaluations may take the form of audits during which the entire measurement system of an 

operator is evaluated against international standards for metrology such as the ISO 17025. They may 

also be implemented by random check against standards kept on-site under seal or against independent 

measurements performed by the safeguards inspectors. 

 

2.1.4 Transit matching  

 

Transit matching is the conformity assessment activity performed to verify that declared shipments of 

nuclear materials between MBAs inside the EU correspond with declared receipts. Transit matching is 

a key element of the EURATOM safeguards system. 

 

2.1.5 Records verification  

 

The records verification includes the conformity assessment activities to verify that nuclear materials 

declarations correspond to all required elements of the on-site NM accountancy system. The 

declarations have to correspond to accounting records of the nuclear operator, the accounting records 

need to be supported by appropriate operating records (shipment/receipt documents, laboratory results, 

weighing tickets, etc.) and operating records nedd to be consistent with the Key Measurement Points 

(KMPs) as defined in the BTC. 

 

These on-site verifications of the nuclear material accountancy and the corresponding operating 

records and justification documents is performed by using a dedicated information system (VARO – 

Verification of Accountancy data and Records of Operators) that allows safeguards inspectors to 

perform a high quality job in a limited amount of time. 

 

2.2 Physical Verifications 

The physical verification of nuclear materials includes the conformity assessment activities to check 

whether nuclear operator's declarations and accounting records and operating records, including the 

List of Inventory Items (LII), correctly reflect the physical reality. 

To this end safeguards inspectors will count, identify and verify a representative sample for gross and 

partial defects by measuring the mass, enrichment ratio, isotopic composition, plutonium content and 

performing other verifications or by taking samples to be analysed by destructive analysis in analytical 

laboratories. Inspectors will use Containment and Surveillance (C/S) measures to confirm the absence 

or correctness of movements and to reduce the need for re-verification. 

In large nuclear installations, where the flow of nuclear material is difficult to verify only at periodic 

intervals, EURATOM has installed its own unattended equipment to make an independent evaluation 

of the operators' declarations. For that purpose EURATOM has developed a toolset that can be easily 

configured to accommodate different types of sensors as required for the operational environment. 

This toolset covers data collection (RADAR – Remote Acquisition of DAta and Review) and analysis 

software (DAI – Data Analysis and Interpretation, CRISP – Central RADAR Inspection Support 

Package, iRAP – integrated Review and Analaysis Package) of the raw data to identify safeguards-

relevant events that can be compared with operator declarations. 

In installations where surveillance systems and electronic seals are used to maintain the continuity of 

knowledge, data from these systems is electronically transmitted to the Headquarters of the 

Commission’s safeguards service in Luxembourg, for analysis at Headquarters and preparation of on-

site inspections. 
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2.3 Material Balance Evaluation 

The Material Balance Evaluation (MBE) process includes the conformity assessment activities 

performed to check the impact that measurement uncertainties associated to accounting and 

verification activities have on the nuclear safeguards conclusion, to evaluate inventory changes, etc. 

The process includes the activities performed in order to evaluate the Material Unaccounted For 

(MUF), the cumulative MUF (CuMUF) over a period of time, to evaluate Shipper-Receiver 

Differences (SRD) and also evaluate special Inventory Changes (IC) codes. 

The evaluation of the uncertainties related to the declared MUF is based on declared measurement 

uncertainties of international target values and evaluated with the use of dedicated software tools. 

 

2.4 Audits 

NMAC system audit is a documented and systematic process to compare a high quality NMAC model 

[the one described in the Commission Recommendation 2009/120/Euratom, of 11 February 2009 on 

the implementation of a Nuclear Material Accountancy and Control System by operators of nuclear 

installations, p. 17[4], (audit criteria) with the actual implemented NMAC system of the nuclear 

operators.  

To perform this comparison, information (audit evidence) is collected and differences between the 

model and the reality (audit findings) are highlighted together with improvement opportunities.  The 

process can involve the whole operator's NMAC system (full scope audit) or some of its components.  

Five cases have been identified where NMAC systems audits can be most useful: 

 (1) To assess the measurement systems of bulk handling nuclear facilities; 

 (2) When a shortfall has been found in the operator's NMAC system; 

 (3) For installations joining the EURATOM safeguards regime; 

 (4) For installations where the physical verification can be carried out only in a limited way; 

 (5) When a nuclear installation asks voluntarily for an audit of its NMAC system. 

Audits aim to identify the root causes of shortcomings in the operators’ NMAC systems rather than the 

symptoms of poor performance. Experience from a number of audits performed in EU nuclear 

installations has shown that the audit findings and subsequent action plans for the mitigation of 

recurrent problems or anomalies, contribute to the improvement of the operators’ NMAC systems 

performance and consequently to improved quality of reporting and declarations. 

2.5 Verification of AP declarations 

Following their role under Article 77(a) of the EURATOM Treaty, the Commission services do not 

have to draw conclusions regarding the absence of undeclared nuclear material and activities in the 

States of the European Union. The Commission services have therefore not set up a parallel Additional 

Protocol implementation and evaluation scheme in the European Union. They ensure, as far as 

possible, that information transmitted to the IAEA is complete, consistent, in the correct format and 

free of obvious errors in order to facilitate the IAEA’s evaluation process. 

The Commission services also provide all other Additional Protocol information for those Member 

States that have entrusted to the European Commission the implementation of provisions, which are 

their responsibility. The Commission services serve for these States as the focal point for 

communication with the IAEA. They collect the information from the States and check for 
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completeness and obvious inconsistencies. They format it where necessary and forward it to the IAEA. 

The Commission services will also co-ordinate IAEA requests for amplifications, questions, 

inconsistencies and Complementary Access in support of their Member States. 

2.6 Safeguards Conclusions and Annual Safeguards Statement 

Based on the above verifications and evaluations, EURATOM assesses the results of flow inspections, 

inventory inspections and material balance evaluation as well as BTC verifications together, for 

reaching a safeguards conclusion for each Material Balance Area and Material Balance Period. 

The outcome of the evaluation is the main product of the EURATOM, in the form of an Annual 

Statement by the Director responsible for EURATOM safeguards at the European Commission. The 

process includes the evaluation, the review and the planning of safeguards activities for the next 

year(s). 

3. EURATOM Quality Management System 
 
3.1 Basic principles of the Integrated Management System 

 

The first step in any organization intending to implement a quality management system based on the 

process approach is the identification of the different processes together with their interactions. In 

order to do so, a high level process map has been developed for the Nuclear Safeguards Directorate of 

the European Commission containing three main types of processes: 

 

 Management processes, being the processes allowing for the governance of the organisation as 

risk management, internal audits or strategic management. 

 Core processes, being the ones allowing the organization to fulfil its legal obligations. The 

products of these processes will allow the management to discharge annually a statement 

regarding the legal obligations of the European Commission regarding nuclear safeguards. 

 Support processes, being the processes that allow the organization to perform the core 

processes. Some examples are training, communication with stakeholders, Information 

Technology applications, measuerement systems, containment and surveillance, or production 

of inspection schemes. 

The Integrated Management System (IMS) put in place promotes the process approach, therefore: 

 

 the main processes involved have been identified and mapped (documented); 

 the system has been defined by identifying and developing the necessary processes for the 

Integrated Management System. This system has been designed in such a way as to 

achieve the established objectives in the most efficient way and to understand the 

interdependencies among the processes of the system; 

 the resource requirements and resource constraints have been established; 

 the processes are managed and controlled according to the Process Data Sheet 

prepared for each process; 

 all the processes follow the PDCA (P=Plan, D= Do, C=Check, A=Act) cycle. 

 

3.2 Assessing the correctness, completeness and coherence of operators’ declarations 

 

EURATOM coordinates the development and implementation of a nuclear safeguards system to fulfil 

its primary law obligations. This is achieved inter alia via inspection activities to assess the 

correctness, completeness and coherence of declarations by nuclear operators. This includes the 

follow-up of irregularities (anomalies, discrepancies) and the regular review and adaptation of the 

legal framework. 
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The satisfactory implementation of these measures requires vetted and appropriately trained 

EURATOM inspectors and technical experts. Apart from their scientific and technical background 

safeguards inspectors are selected on the basis of their competencies, communication and negotiation 

skills, problem solving abilities, and judgement qualities. On top of their personal competencies and 

skills, EURATOM safeguards inspectors are trained via a thorough safeguards training programme 

including an exhaustive catalogue of specific training modules, in-house trainings, e-learning modules 

and training taking place at the Commission’s Joint Research Centres (JRC), in nuclear installations in 

collaboration with nuclear operators and/or the IAEA. 

 

The efficient implementation of safeguards measures also requires the development, deployment, 

installation and maintenance of safeguards-related technical equipment (for surveillance, nuclear 

measurements, containment), including following of standards like ISO 17025 and a significant 

dependence on specific safeguards information technology software and hardware.  Crucial to the 

success of this mission is the maintenance and further development of relations with the operators, 

Member States' authorities, the IAEA and other national and international bodies. The EURATOM 

organises periodic information meetings with the Member States, hosts regularly training sessions for 

representatives of national safeguards authorities and nuclear operators and even ad hoc trainings on 

safeguards upon request. 

 

To fulfil its mandate of assessing the correctness, completeness and coherence of operators’ 

declarations, the staff of EURATOM: 

 

• inspects the format and timing of the nuclear operators' declarations and checks them for 

completeness and correctness against specified criteria; compares declarations made by different 

operators, in particular those that ship nuclear material to or receive nuclear material from each 

other; 

• physically verifies declarations by performing inspections of declared flows and inventories of 

nuclear materials; 

• carries out the necessary activities to fulfil the obligations stemming from international 

agreements; 

• includes nuclear inspectors, who cover the inspection work all over the territory of the 

European Union. 

 

In order to ensure the efficient execution of the verification tasks described above, EURATOM has put 

in place the following measures: 

 

a) the Human Resources Management process is supervised by the management of the 

Directorate of Nuclear Safeguards, with the aim of ensuring that the personnel is competent on 

the basis of appropriate education, training, skills and experience; 

b) the necessary competence for personnel has been determined and clearly laid down in the job 

descriptions; 

c) when the necessary competence is not achieved to the desired extent, training or other 

measures (job shadowing, mentorship, internship, etc.) are provided in order to achieve the 

necessary competence; 

d) technology required for effective and efficient implementation of EURATOM Safeguards is 

made available or acquired, e.g. in cooperation with the European Commission’s Joint Research 

Centre or other parties [6]. 

3.3  Internal Quality Control 

 

The high quality and continuous improvement in the processes of the Directorate of Nuclear 

Safeguards of the European Commission is achieved through various measures of Internal Quality 

Control. For all the processes of the IMS identified in the processes map, the process owners establish 
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and use adequate monitoring and, when applicable, adequate measurement methods. These methods 

are established in order to demonstrate the capability of the processes to achieve the planned results 

and refer to establishing performance indicators for the processes in scope. When these results are not 

met, corrections and corrective actions are taken. The process owner maintains records about the 

performance indicators.  

 

EURATOM applies a hierarchical quality control of products by monitoring and measuring the 

characteristics of the product (Annual Safeguards Statement) to the stakeholders, in order to verify that 

the European Commission has satisfied itself that, in the territories of Member States: 

 

a) ores, sources materials and special fissile materials are not diverted from their intended uses 

as declared by the users; 

b) the provisions relating to supply and any particular safeguarding obligations assumed by the 

Community under an agreement concluded with a third State or an international organization 

are complied with. 

 

As part of the Internal Quality Control, EURATOM is producing on a permanent basis: 

 

 Inspection reports;  

 A letter to the installation after each inspection;Follow-up of inspection results; 

 Evaluation of IAEA statements after inspection (Article 90a) and at the end of the 

Material Balance Period Article 90b); 

 Monthly activity reports; 

 Material balance evaluation of MBAs; 

 Annual safeguards reports by the units; 

 Annual safeguards report by the Director. 

 

The aforementioned activities are carried out at the appropriate stages of the production cycle, 

according to the ways planned by the process owners, and described in procedures and work 

instructions. The aim is to keep extensive records of the core processes in order to allow both 

internal and external audit by stakeholders. 

 

4. Conclusion 
 
EURATOM Safeguards continually improves the effectiveness of the quality management by using 

the Quality Policy, quality objectives, audit results, analysis of data, corrective and preventive actions 

and management review. The described Integrated Management System (IMS) put in place at the 

Directorate of Nuclear Safeguards with its basic elements of process approach and Internal Quality 

Control, guarantees an ever increasing quality of safeguards verifications and credibility of safeguards 

conclusions.  

 

The implemented processes and the thorough, process-based, verifications of correctness and 

completeness of operators’ declarations, result in evaluations of enhanced reliability, thus adding value 

to EURATOM’s central Nuclear Material Accounting and Control (NMAC) system for all EU nuclear 

installations and subsequently to the credibility of accountancy data transmitted to the IAEA. The 

availability of a highly reliable safeguards system in the EU territory could allow the IAEA to rely 

more on EURATOM’s results, while still being able to draw its own independent conclusions.  
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The main challenge for the future is to streamline the novel processes and controls, to further 

strengthen and improve the quality of EURATOM verifications and to deepen and enhance 

cooperation with the IAEA. The Integrated Management System (IMS) under implementation is 

expected to be the catalyst in addressing this challenge in an effective and efficient manner. 

 

 

5. References  
 

[1] OJ C 327 of 26 October 2012, page 1 et seq (consolidated version).   

[2] Commission Regulation (EURATOM) No 302/2005 of 8 February 2005 on the application of 

EURATOM safeguards, OJ L 54 of 28 February 2005. 

[3] European Commission, DG Energy, Report on the Implementation of Euratom Safeguards 2013, 

http://ec.europa.eu/energy/nuclear/safeguards/safeguards_en.htm 

[4] Commission Recommendation 2009/120/Euratom, of 11 February 2009, on the implementation of 

a Nuclear Material Accountancy and Control System by operators of nuclear installations 

(2009/120/Euratom), OJ L41 of 12 February 2009. 

[5] J. Goncalves, S. Abousahl, Y. Aregbe, W. Janssens, K. Lützenkirchen, P. Meylemans, P. 

Schwalbach, “The European Commission Cooperative Support Programme: Activities and 

Cooperation”, this conference. 

[6] P. Schwalbach, K .Schoop, D. Ancius, A. Smejkal, Y. Marszalek, L. Matloch, S. Vaccaro,  

P. de Baere, C. Koutsoyannopoulos, P. Meylemans, M. Murtezi, L. Persson, S. Synetos,  

S. Tempesta, V. Canadell Bofarull,  D. Turner, J. Gonçalves , P. Peerani , R. Berndt, E. Stringa, P. 

Richir, V. Sequeira, H. Tagziria, W. Janssens,  E. Zuleger, K. Lützenkirchen,  “Euratom Safeguards: 

Improving Safeguards by Cooperation in R&D and Implementation”, this conference. 

 

http://ec.europa.eu/energy/nuclear/safeguards/safeguards_en.htm

