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ABSTRACT 
 
In more than ten last years region of South-East Europe (especially countries originated from 
previous the Socialistic Federal Republics of Yugoslavia) was involved (or surrounded, at 
least) by various conflicts, including wars of different intensities. These unfavourable 
conditions have put additional focus at nuclear material stored in various institutions in the 
region. Following the recommendations of the International Atomic Energy Agency (IAEA) 
on straighten the physical protection of nuclear material, various actions were done or are 
planned in the Yugoslavia and Slovenia in aim to increase level of physical protection of 
nuclear material during its different usage and storage. Especial attention is drawn to update 
the administration rules, education of the involved personnel and redundancy of different 
physical protection modes to prevent stealing and smuggling of nuclear material in both the 
countries or at country’s borders. The financial and expert help at low-level scale were offered 
by the IAEA and US government to Yugoslavia in 1996/97. It was used to increase the 
physical protection of fresh high-enriched uranium fuel stored and controlled regularly by the 
inspectors of the Safeguard Department of the IAEA. The further help and financial support is 
expected from the IAEA, USA and relevant European Union (EU) organisations in aim to 
tighter the borders of both the countries to prevent the illegal traffic of nuclear materials 
through the Europe. 
  
 
1. INTRODUCTION 
 

Nuclear fuel contains fissile material and after irradiation, highly radioactive fission 
and activation products. The most significant design features of fuel handling and storage 
system in nuclear plants are those which provide the necessary assurances that the fuel and 
core components can be received, handled, stored and retrieved without undue risk to health, 
safety or impact to the environment. All design aspects of the handling and storage systems 
are related thus to the objectives of maintaining sub-criticality of the fuel and cooling of 
irradiated fuel. The radiation protection of persons in accordance with the principle of the as 
low as reasonably achievable (ALARA), and the prevention of unacceptable releases of 
radioactivity to the environment were implemented. 

Different reactor designs and plant layouts involve fundamentally different approaches 
to the design of fuel handling and storage system. One major difference is that some reactor 
types are refuelled while remaining at power and others are refilled in cold shutdown 
condition. Storage of non-irradiated fuel may be in a dry environment or in water-filled 



storage areas. Irradiated fuel is discharged and initially stored wet. The characteristics of fuel 
handling and storage facilities strongly depend to an extent on the individual reactor type. 
          In addition, general design requirements, stated in other parts of the Nuclear Safety 
Standards (NUSS), particularly, the Codes of Practice on Quality Assurance, Operation and 
Sitting, are relevant to fuel handling as far as they relate to the adequacy of design validation 
procedures, the training and experience of operators, and the external events which need to be 
considered. 
 
2. NON-IRRADIATED FUEL 
 

In most reactor designs, new, non-irradiated, fuel is received and stored in dry storage 
area firstly, where it may be inspected and prepared. In addition, for many reactor designs, in 
particular for light water reactors, non-irradiated fuel will be then transferred to the wet 
storage. All applicable recommendations for non-irradiated fuel will be used, both for dry and 
wet storage, before the fuel being loaded into the reactor core. For this transfer and the 
intermediate wet storage, all applicable recommendations for non-irradiated fuel must be 
fulfilled in addition to the relevant requirements for irradiated fuel. The main differences to be 
taken into consideration relate to the higher reactivity of non-irradiated fuel and significantly 
lower level of radiation that nevertheless may still require operator protection if the fuel has 
been manufactured from reprocessed uranium or from recovered fissionable material such as 
mixed uranium-plutonium oxide fuel. 

Physical damage of non-irradiated fuel assemblies or particular fuel elements can 
result in the direct release of fuel material. However, of greater safety concern is the potential 
for insertion of damaged fuel into the reactor where it could result in a severe safety hazard by 
degrading the safe operation of the reactor. Handling and storage of non-irradiated fuel should 
ensure that the fuel integrity is preserved at all times. 
 
3. IRRADIATED FUEL 
 

The spent fuel storage facility should provide the safe and secure storage from the 
time of fuel removal from the reactor, until time when it is shipped away from the site for 
long-term disposal as radioactive waste or for reprocessing. The facility will therefore include 
systems for handling, storing, transferring and retrieval of the spent fuel assemblies. The 
primary safety function of the combination of these systems should be to ensure that the fuel 
is maintained sub-critical at all times, that it is adequately cooled to remove residual heat 
generated, that the containment of radioactive material is maintained, and that there is no 
undue risk to health and safety, or to the environment. 

Irradiated fuel is transported in shielded and adequately cooled casks that might be 
either internally dry or partially filled with a coolant. The casks contain an internal structure 
to keep the fuel in a well-defined arrangement during transport. The casks are loaded either 
under water in a specific area at the storage pool or in separate ‘cask loading pool’, or they are 
loaded dry. The fuel may be placed in a basket that may be then loaded into the cask. The 
safety function of the system for cask handling should meet the appropriate standards to 
ensure that the casks could be received, loaded and prepared for transport. 
 
 4. DESIGN CRITERIA 
 
  The fuel handling and storage should be designed in conjunction with other 
appropriate systems to ensure, during operational states and design basis accidents, the 
following: 



• Fuel sub-criticality; 
• Irradiated fuel residual heat removal; 
• Radiation protection in accordance with the principle of the as low as reasonably 

achievable ( ALARA ); 
• Containment of radioactive substances; 
• Physical protection of nuclear fuel, material and facilities. 

In the design process, proven engineering practices should be used in conjunction with 
suitably selected input data and assumptions for both normal operational states and credible 
deviations. The design process should also consider the feedback of experience gained at 
similar facilities and mitigate the human error component of events and accidents. When 
implementing these recommendations the concept of defence-in-depth should be applied. 

Only verified methods should be used in these design processes for predicting: 
• Consequences of operational states and design basis accidents for fuel storage,  
• Physical protection against the theft or unauthorized diversion of nuclear materials, 

and  
• Preventions and actions against the sabotage of nuclear facilities by individuals or 

groups.  
These methods and predicting have been long a matter of national and international 

concern. Similarly, input data should be selected to be conservative, albeit realistic, and these 
data should be addressed both operational states and design basis accident, protection against 
the theft, diversion, and sabotage. Where uncertainties in input data analyses or predictions 
are unavoidable, appropriate allowances should be made to compensate for such uncertainties, 
and sensitivity of the results to them should be evaluated in aim to improve the methods. 

The design process should ensure the necessary availability of essential services 
before any operation in nuclear facilities commences. As an example, the refuelling operation 
should not commence if unacceptable faults exist in the essential electrical supply system to 
power hoists, cooling system, clean-up system, physical protection system, or if the 
confinement and ventilation system or monitoring systems are not operational, etc. 
 
5. IAEA ROLE  
 

The IAEA recognised early on that it might be called upon to play role in the area of 
the physical protection of nuclear material and facilities. Its first effort, in 1972, resulted in 
the publication entitled “Recommendation for the Physical Protection of Nuclear Material,“ 
which was prepared by a panel of experts convened by the Director General. These 
recommendations were revised by a group of experts in co-operation with the IAEA 
Secretariat, and the revised version was published in 1975 in the INFCIRC series. The 
publication - INFCIRC/225 - has been favourably received by Member States and has since 
become a standard reference document. The document was subsequently revised in 1977, 
1989 and 1993. 

 The 1993 revision was of limited scope and resulted in change to the text of 
INFCIRC/225/Rev.2 designed to make the categorization table in that document consistent 
with the categorisation table contained in the “Convention on Physical Protection of Nuclear 
Materials”, INFCIRC/274/Rev.1. Consequently, a comprehensive review of INFCIRC/225 
has not been conducted since 1989. In late 1997, the IAEA Secretariat consulted with 
individuals from a number of Member States regarding the timeliness of arranging for a 
review of this document. There was general agreement that, because of technological changes, 
political adjustments and modification to national physical protection approaches; it was 
timely to conduct a thorough review of INFCIRC/225/Rev.3. 



As the result of this agreement, a meeting of national experts was convened for this 
purpose. They were met on 2-5 June 1998 and on 27-29 October 1998. The revised document 
reflects the recommendations of the national experts to improve the structure and clarity of 
the document and to take into account the improved technologies and current international 
and national practices. In particular, a chapter has been added which provides specific 
recommendations related to sabotage of nuclear facilities and nuclear material. Because of 
this addition, the title has been changed to the “The Physical Protection of Nuclear Material 
and Nuclear Facilities. “ 

Participants and observers from Yugoslavia and Slovenia attended the experts meeting 
in Vienna and gave their valuable contributions. 
 
6. PHYSICAL PROTECTION PRINCIPLES AND THE CONVENTION  
 

Principles of physical protection are realized through administrative and technical 
measures, including physical barriers. The measures for the physical protection of nuclear 
material (in use, storage and during transport) and of nuclear facilities presented herein, are 
recommended for use by the Member States as required in their physical protection systems. 
These measures are based on the state of the art in physical protection hardware and systems 
and on types of nuclear material and facilities. 

It is essential that this document be reviewed and updated periodically to reflect 
advances made in both physical protection systems and nuclear technology. 

In implementing these recommendations, States are encouraged to cooperate and 
consult, and to exchange information on physical protection techniques and practices, either 
directly or through international organizations. States should aid each other in physical 
protection, and particularly in the recovery of nuclear material, in cases where such aid would 
be requested. 

The “Convention on the Physical Protection of Nuclear Material” (INFCIRC/274 
Rev.1) obligates parties to: 

• Make specific arrangements and meet defined standards of physical protection for 
international shipments of nuclear material; 

• Co-operate in the recovery and protection of stolen nuclear material; 
• Make as criminal offences specified acts to misuse or threats to misuse nuclear 

materials to harm the public; and 
• Prosecute or extradite those accused of committing such acts. 

The Convention also promotes international co-operation in the exchange of physical 
protection information. States should inform each other, either directly or through the 
International Atomic Energy Agency, of appropriate points of contact for matters related to 
the physical protection of nuclear material and nuclear facilities. 

A physical protection system (PPS) may prevent the sabotage or theft of assets by 
deterring or by defeating an adversary. An adversary may be deterred from challenging a 
facility if the PPS appears too difficult to defeat. However, the function of adversary 
deterrence is impossible to measure. 

Defeating an adversary requires action by the protective or response force once an 
attack against the facility has begun. Detection, delay and response are the primary PPS 
functions used to prevent an adversary from accomplishing his goal. Detection, delay and 
response must be performed in less time than the time required the adversary to complete his 
tasks. Detection of an adversary action includes the functions of entry control, intrusion 
sensing, alarm communication, and alarm assessment. Delay of the adversary is accomplished 
by using barriers, locks, activated delays and guards stationed in fixed-use positions that are 



well protected. The protective force response must interrupt and neutralise the adversary 
before he reaches his goal (Figure 1).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7. ACTIVITIES IN SLOVENIA AND YUGOSLAVIA 
 

The Yugoslavia and Slovenia are willing to increase the level of physical protection of 
nuclear material and facilities. Also, Yugoslavia and Slovenia, as IAEA member state, wishes 
to contribute to the all together efforts in reducing the possibility of illegal activities such as 
theft, sabotage and trafficking, involving nuclear materials and other radioactive materials, 
and on the associated proliferation threat and radiation risks.  

Therefore, relevant national bodies in Yugoslavia have prepared the project: 
“Prevention of Illicit Trafficking in Nuclear and Radioactive Materials in the Federal 
Republic of Yugoslavia”.  

Through this project, Yugoslavia applies for support in human resource, components, 
as well as in procurement equipment. The project has objective to increase the customs 
control over trafficking in nuclear and radioactive materials within the regime for physical 
protection and control of nuclear material regarding the threat of theft, fraudulent possession, 
and subsequent illicit trafficking in such materials. Controls will be established, in the first 
phase, as a model one, on international border crossing points which cover the following type 
of traffic: road, railroad, air, sea and river. In a second phase, the gained experience will be 
transferred to the all customs control offices of the F. R. of Yugoslavia. This task was called 
“Green Borders” and the Federal Ministry of Interior is supposed to carry out this project. 
The project will be one of the several subprojects within “Green Borders” system. The 
territories of the F. R. of Yugoslavia and the Republic Slovenia are ones of the main 
southeast-west trans-European corridors, and could be vulnerable to being used as transit 
routes for illicitly trafficked materials. Therefore, there is a need to establish an adequate 
system for prevention of illegal transport of radioactive materials through better detection 
equipments, by better-trained staff and by having improved types and quality of information 
available. The Federal Ministry of Economy and Interior Trade of the F. R. Yugoslavia, as 
one of several regulatory authorities with relevant statutory powers and duties, has established 
a Working Group to prepare approach and methods for an effective national system for 
prevention of illicit trafficking of the nuclear materials. Where radioactive materials and 



radioactive sources are involved, the dangers are the radiation and health effects, and damage 
to property and to the environment.  
 Both the Governments of Slovenia and Yugoslavia, aware of the consequences, which 
might result from illegal activities involving nuclear materials, work on improving and 
strengthening the mechanisms for prevention of the illicit uses of nuclear materials and 
radioactive sources. State inspectors for radiation protection and nuclear safety are 
responsible for full application of the national system for radiation protection and nuclear 
safety (legislative and regulatory system that covers technical, administrative and regulatory 
systems for preventions). 

The Government of Republic Slovenia was initiating the State Office for Nuclear 
Safety (URSJV). The URSJV is a regulatory body responsible to Government administration 
and Ministry for supervision in fields of uses of nuclear energy and radiation and of radiation 
protection. The URSJV establishes so the ‘state supervision’ of nuclear safety of nuclear 
facilities, nuclear items, physical protection of nuclear facilities, radiation protection, 
emergency preparedness of nuclear facilities, workplaces handling ionising radiation sources 
and professional cooperation with the International Atomic Energy Agency. 

The Federal Republic of Yugoslavia haven’t yet State Office for Nuclear Safety, but 
within the Federal Ministry of Economy and Interior Trade, the Section for Nuclear Energy is 
responsible for governmental administration and supervision in fields of uses of nuclear 
energy and radiation protection, and also for professional co-operation with the International 
Atomic Energy Agency. 

Both the countries expect the help and financial support from the IAEA and relevant 
EU organization to tighten the country borders in aim to prevent the illegal traffic of nuclear 
materials through the Europe. In such a way, better the physical protection of nuclear material 
and nuclear facilities and improvement of conditions of nuclear material and facilities in 
Yugoslavia and Slovenia will be established. 
 
CONCLUSION 
 

Where radioactive materials and radioactive sources are involved, the dangers are the 
radiation and health effects, possible damage to property and to the environment.  
 The Governments of Yugoslavia and Slovenia, aware of the consequences, which 
might result from illegal activities involving these materials, works on improving and 
strengthening the mechanisms for prevention of the illicit uses of nuclear materials and 
radioactive sources in aim to achieve the best solution from implementation and improving 
the physical protection of nuclear material and nuclear facilities. 
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