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The total energy production of these plants reached 2574 TWh in 2002, corresponding to 16% of 
the world total electric energy production. (See Fig.2) 
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Fig. 2 World Electric Energy Distribution by Sources  

The operating experience of these 441 nuclear power plants reached 10 185 reactor-year of 
operation in 2003. And each day a new reactor-year of experience is added to this total.   

The experience has been accompanied by a growing evolution of the average availability factor 
of the world nuclear sector, as shown in Figure 3. In the last years, 74% of the nuclear units have 
presented an availability factor greater than 70%. 
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Fig. 3: Average Availability Factor in the World 
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Of the 31 countries utilizing nuclear energy, 19 produced more than 20% of its electricity from 
nuclear power plants in 2002. In 16 of those, nuclear energy represents more than 30 of the total 
electric energy. Western Europe is the region which utilizes more nuclear energy, followed by 
North America and Far East Asia (See Fig.4). 
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Fig.4 Nuclear Electricity Share  

These data demonstrate the success of the nuclear industry in the world, in spite of the general 
opposite impression. But the data also demonstrate a strong dependence on nuclear energy in 
some of these countries. 

Therefore, it has become clear that it is essential to keep the nuclear option as a viable source of 
electricity for the foreseeable future. This means not only keep nuclear energy costs competitive 
with other sources, but also keep an unquestionable safety record. 

From the safety point of view, nuclear power plants have shown an excellent record when 
compared with any other source of electric energy, in spite of the contrary public perception. The 
constant recollection of the Three Mile Island accident (1979) forgets to mention that there was 
no victims within the operating staff or the public.  

The turning point of the world nuclear industry with respect to safety occurred in reality due to 
the accident at Tchernobyl, on April 26, 1986. (One should ask which other industry can discuss 
an accident for 18 years, simply due to the lack of any other major accident to be discussed!). A 
side from the tragic personal losses and the enormous financial damage, the Tchernobyl accident 
has literally demonstrated that “a nuclear accident anywhere is an accident everywhere.” 
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The impact was felt immediately by the nuclear industry, with plant cancellations (e.g. Austria), 
elimination of national programs (e.g. Italy) and general construction delays. However, the 
reaction of the nuclear industry was equally immediate, which led to the proposal and 
establishment of a Global Nuclear Safety Regime.   

The following sections present some of the components of this Regime,  discuss the status of 
implementation, and shows its impact in the Brazilian nuclear power organizations, including the 
Regulatory Body.  

 

2. THE GLOBAL NUCLEAR SAFETY REGIME 

A few months after the Tchernobyl accident, the IAEA convene a meeting which reviewed the 
causes and consequences of the event, but which also served as the starting point of several new 
initiatives in the field of nuclear safety. 

 
One of  these actions was the development of two associated conventions, one in the field of 
notification of nuclear accidents with trans-boundary implication,  and another in the mutual 
assistance in cases of major nuclear accidents. Although essential, and therefore draft in a very 
short time, these conventions did not deal the prevention of further accidents, which everyone 
agreed could represent the end of the whole nuclear industry worldwide. 

 
In order to prevent further accidents, and therefore keep the nuclear industry as a viable option, it 
was necessary to ensure that the level of safety be the same through the world, and that this level 
be constantly improved. However, it was also recognized the inherently national responsibility of 
each country with respect to their own nuclear installations. This led to a consensus that a Global 
Nuclear Safety Regime, composed of: 

 
• Biding International Safety Conventions, 

 
• Globally Accepted Safety Standard, and 

 
• Voluntary Peer Review System, 

 
should be developed and implemented. 

 

3. THE CONVENTIONS 
 
As mentioned above, the first two conventions in the field of nuclear safety, developed 
immediately after the Chernobyl accident were: 

 
• the Convention on Early Notification of a Nuclear Accident; and  

 
• the Convention on Assistance in Case of a Nuclear Accident or Radiological 

Emergency. 
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The Convention on Early Notification of a Nuclear Accident deals with the prompt notification of 
nuclear accidents in cases of possible or real trans-boundary effects. It was open to signature on  
26 September, 1996, only 5 months after the accident. It enter into force on 17 October, 1986, 
and now is in force in 91 countries.  
 
The  Convention on Assistance in Case of a Nuclear Accident or Radiological Emergency 
establishes the basis for mutual assistance in case of major nuclear accidents, and defines the 
responsibilities and liabilities of the parts involved. It was open to signature also on 26 September 
1996, and enter into force on 26 February, 1997. It has now 88 countries as parties, and has been 
already invoked by some countries in case of minor radiological events. 
 
However, the real first step in the establishment of a true Global Nuclear Safety Regime was the 
development of the Convention on Nuclear Safety, discussed in the next section. This 
convention, developed in the early 1990’s,  was open to signature on 20 September, 1994. It enter 
into force after sufficient ratifications on 24 October, 1996. Currently it has as parties 53 
countries, including all countries which operate nuclear power plants, except India. 
 
One should mention two additional conventions not directly related to nuclear safety, but which 
are also part of the international regime to which is subjected the nuclear industry: 
 

• Convention on Civil Liability for Nuclear Damage (Vienna Convention), in force 
since 1963 and now having 33 parties.  

 
• Convention on the Physical Protection of Nuclear Material., in force since 1987, and 

now having 70 parties.  
 
A recent Join Convention on the safety of Spent Fuel Management and on the Safety of 
Radioactive Waste Management has come into force on 18 June,  2001, but has only 33 parties 
up to now. 
 
It is expected that in the future a convention on the transport of radioactive material will be 
developed, to provide more formal support to the use of the corresponding IAEA regulations on 
nuclear transport.  
 
 
3.1. The convention on Nuclear Safety 
 
The scope of the Convention on Nuclear Safety covers only civilian nuclear power reactors. It is 
an “incentive convention”, in the sense that there is no sanctions to parties in case of some non-
compliance. The main mechanism of implementation is the periodical presentation of a National 
Report, in which each country describes its national nuclear safety regime and the measures 
undertaken to ensure and improve nuclear safety.  The National Reports are reviewed among the 
parties to the Convention and a Review Meeting report is issued, with conclusions and 
recommendations, but without identifying non-compliance by specific countries. It is expected, 
however, that a mechanism of “peer pressure” will lead to the necessary improvements, and that 
technical assistance and cooperation among the parties will be used whenever needed.   
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The stated objective of the convention is that each country: 
 

• achieves and maintains a high level of nuclear safety in its nuclear installations; 
 
• establishes and maintains effective defenses in its nuclear installations against 

potential radiological hazards in order to protect individuals, the society and the 
environment from harmful effects of ionizing radiation; 

 
• prevents accidents with radiological consequences and is prepared to mitigate such 

consequences should they occur. 
 
The articles of the convention which should be covered in the National Reports are: 

 
• Article 6. Existing nuclear installations 
• Article 7. Legislative and regulatory framework 
• Article 8. Regulatory body 
• Article 9. Responsibility of the licence holder 
• Article 10. Priority to safety 
• Article 11. Financial and human resources 
• Article 12. Human factors 
• Article 13. Quality assurance 
• Article 14. Assessment and verification of safety 
• Article 15. Radiation protection 
• Article 16. Emergency preparedness 
• Article 17. Siting 
• Article 18. Design and construction 
• Article 19. Operation 

 
Additionally, countries should report on “Planned Activities to Improve Safety” which have 
been undertaken or are in a planning stage. 

 
The First National Reports were presented in the first Preparatory Meeting in September  1998, 
and underwent a systematic peer review for a period of 6 months. The conclusions of this review 
were presented in the first Review Meeting in April 1999, with the conclusions presented in the 
Review Meeting Report (CSN-RM-99/022 – Vienna 1999).  

 
Periodical updating of the National Report is scheduled for each 3 years, with the Second 
National Reports delivered in September 2001, and the Second Review Meeting was hold from 
13 to 26 April 2002 (CSN-RM-2002/03). The third National Report is now due on 8 September 
2004, with the Preparatory Meeting scheduled for 28 September and the Third Review Meeting 
taking place in April 2005.  
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3.2 The join convention 
 
On 29 September 1997 the Join Convention on the Safety of  Spent Fuel Management and the  
Safety of Radioactive Waste  Management was open for signature at the headquarters of the 
International Atomic Energy Agency in Vienna. 

 
The Convention objectives are to achieve and maintain a high level of nuclear safety worldwide 
in spent fuel and radioactive waste management. One of the obligations of the Parties to the 
Convention is the preparation of a periodical National Report describing the measures taken to 
implement each of the obligations of the Convention, including a description of the policies and 
practices related to spent fuel and radioactive waste management and an inventory of related 
material and facilities. 
 
The implementation of this convention is very similar do the Safety Convention, and the first 
Review Meeting took place in November 2003 (JC/RM.1/06), with the participation of 32 
countries. 
 

4. THE NUCLEAR SAFETY STANDARDS 
 
4.1 The IAEA safety standards 
 
The mandate to issue safety standards in all field of nuclear energy applications is in the statute of 
the IAEA. This corresponded always to a large part of the activities of the IAEA since its 
creation. However, the standards are of voluntary application, except for activities carried out 
under IAEA sponsorship. 

 
In the field of nuclear power application, several countries importing nuclear technology have 
adopted in principle the standards of IAEA. In practice, however, the use of the standards of the 
exporting country were shown to be more practical. Nevertheless,  the IAEA has developed a 
complete set of Nuclear Safety Standards (NUSS – Safety Series n. 50) in the 1980’s, which were 
relatively well used. The set comprised 5 Codes of Practices and corresponding 55 Safety Guides 
in the areas of: 

 
• Governmental Organization, 
• Siting, 
• Design, 
• Operation, and 
• Quality Assurance. 
 

Additional guidance was provided in Radiological Protection where a Basic Safety Standard  
(BSS – Safety Series n. 9) was developed and widely adopted. Also in the area of nuclear 
transport, a specific standard was developed (Safety Series n. 6) to make it possible the 
international transport of nuclear material.  

 
After the accident of Tchernobyl, it was realized the necessity to make the use of internationally 
accepted safety standards a more formal process. The 5 NUSS Codes of Practices were reviewed 
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simultaneously to make them more consistent, and the IAEA started to survey the use of the 
NUSS documents.   

 
More recently, in the late 1990’s a comprehensive reorganization and review of the IAEA 
standards was started and is still  under way. This process is based on the creation of a Safety 
Standard Commission (SCC), supported by 4 specific committees for each area: Nuclear Safety 
Standards Committee (NUSSC); Radiation Safety Standards Committee (RASSC); Waste Safety 
Standard Committee (WASSC); and Transport Safety Standards Committee (TRASSC). The 
Committees themselves are supported by dedicated Scientific Secretaries at the IAEA, and a 
large number of external experts who participated in the actual drafting and review  of the 
documents. 

 
The organization of the standards comprised top documents named FUNDAMENTALS, second 
level documents designated as REQUIREMENTS and detailed documents called SAFETY 
GUIDES.   

 
The Commission agreed to cover five basic areas: 

• General safety (cross cutting themes) 
• Safety of nuclear facilities; 
• Radiation protection and the safety of radiation sources; 
• Safe management of radioactive waste; and 
• Safe transport of radioactive materials. 

  
The new structure shows a single ‘Fundamentals’ standard at the top, supported by standards in 
two main groups i.e. ‘thematic’ standards and ‘facility specific’ standards. In the thematic area 
there are currently ten Safety Requirements with supporting Safety Guides: 

• Legal and governmental infrastructure; 
• Emergency preparedness and response; 
• Management systems; 
• Assessment and verification; 
• Site evaluation; 
• Radiation protection; 
• Radioactive waste management; 
• Decommissioning; 
• Rehabilitation of contaminated areas; and 
• Transport of radioactive material. 
 

In the facility specific area, there are currently six Safety Requirements again with supporting 
Safety Guides: 

• Nuclear power plants: Design 
• Nuclear power plants: Operation; 
• Research reactors; 
• Fuel cycle facilities; 
• Radiation related facilities; and 
• Waste treatment and disposal facilities. 
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Currently more than 110 standards are under review or development with about 50 of those 
having already been published. 

 
 

4.2. Other international standards 
 
Besides the IAEA several other international organizations have in their statutes the mandate to 
establish nuclear standards. One should mention specially the European Community, and its 
nuclear branch, the Euratom, and the Nuclear Energy Agency of Organization for Economic 
Cooperation and Development (OECD-NEA).  Some of their standards are binding in their area 
of application. 

 
In addition, international professional societies, such as IEEE, and IEC and also national 
professional societies such as ASTM and ASME have developed industrial standards which have 
reached world-wide application, either on a voluntary basis or through the endorsement by 
specific national regulations. 

 
    

5. THE PEER REVIEW PROCESS 
 
The fact that “a nuclear accident anywhere is a accident everywhere” has  led to a more 
connected nuclear world. Not only the nuclear industry and nuclear operators started to cooperate 
more closely, but also regulatory bodies started to understand the benefits of a peer review 
process.  

 
In the late 1980’s, the IAEA was a appropriate place for the exchange between East and West to  
occur, but now a days several other mechanism are also in place.  
 
5.1  The IAEA services 

 
Since the beginning of its operation, and also according to its statutes, the IAEA has provided 
technical assistance in the field of nuclear safety to its Member states upon request. Later, after 
the accident at Three Mile Island, the IAEA offered peer review services related to plant 
operation through its OSART mission (Operational Safety Review Team). This achieve great 
success, and with time the reviews were expanded to other areas. Now a day the IAEA offers 
among other the following services related to nuclear safety peer review: 

 
• OSART – Operational Safety Review Team, covering all the areas of operation; 
• IRRT – International Regulatory Review Team, covering the area of regulatory bodies;    
• RSRI – Radiation Safety Regulation and Infrastructure, covering the area of radiation 

protection, including infrastructure aspects; 
• INSARR – Integrated Safety Assessment of Research Reactors, covering the area of research 

reactors; 
• TRANSAR – Transport Safety Review, covering the area of transport of nuclear materials; 
• IPSART – International PSA Review Team, performing reviews of PSA (probabilistic safety 

assessment); 
• DSRS – Design Safety Review Services. covering areas of design; 
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• SSRS - Seismic Safety Review Services, for evaluation of seismic design; 
• FSRS - Fire Safety Review Services, covering fire protection both in design and operational 

area; and  
• ASSET – Assessment of Safety Significant Events Team, to evaluate the operating 

experience feedback process, or analyze specific events.  
 

5.2. The international review mechanisms 
 

After the accident at the Three Mile Island -2 power plant, the American operators of nuclear 
power plants have created their own national organization, the Institute for Nuclear Power 
Operators (INPO). Although foreign nuclear utilities have joined INPO at a time, it remained 
basically an American organization 

 
With the Tchernobyl accident, operators throughout the world decided to create a truly 
international organization and that was the beginning of the World Association of Nuclear 
Operators (WANO).  WANO provides peer review services to its members on a  periodical and 
systematic basis. The results of these reviews are kept confidential, and follow-up missions 
evaluate the implementation of previous recommendations.  

 
WANO provides also valuable operational information exchange, and organizes specialized 
seminars upon request. A program of “twinning” western plants with plants in eastern Europe has 
proven to be an enormous success. 

 
In the same way the operators united themselves, nuclear regulators have also created some 
associations dedicated to some specific needs. These are organizations such as the Foro Ibero-
Americano de Reguladores Nucleares(FIARN), the Association of WWER Regulators and the 
Association of Regulators with Small Nuclear Programs. These organizations promote the 
exchange of safety information and experience, but had also, from time to time performed peer 
review services upon request. 

 
Finally one should mention ad hoc review committees organized for specific tasks such as the 
review of a Canadian nuclear utility by American consultants, the review of the Lithuanian plant 
at Ignalina by a group of the European Community, and the review of the Swedish regulatory 
body by and international review group in 2001. 

 
All these review activities demonstrate the willingness of the nuclear industry to   learn from one 
another, and to give to the nuclear safety area the maximum transparency which is needed to keep 
the nuclear option viable from the public opinion point of view. 
 
 

6 .  IMPACT IN BRAZIL 
 
Being a small player in the nuclear power field, Brazil has accompanied and followed the 
development in leading countries with respect to nuclear safety. The developments at the IAEA 
were the guiding objective of the Brazilian organizations, but also the developments in the USA 
and Germany were of special interest, since the two Brazilian plants are of American and German 
technology.   
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6.1. Conventions 
 
Brazil participated actively in the development of both Conventions related to notification and 
assistance in case of nuclear accidents. Brazil signed the conventions at the opening in September 
1986, and deposit the ratification instruments on December 4th, 1990.  
 
Brazil signed the Convention on Nuclear Safety in September 1994, and deposited the instrument 
of ratification with the Depositary on March 4th , 1997. 

 
The First National Report of Brazil was prepared in 1998 by a group composed of representatives 
of the various Brazilian organizations with responsibilities in the field of nuclear safety. The 
Report contained a description of the Brazilian policy and program on the safety of nuclear 
installations, and an article by article description of the measures Brazil is undertaking in order to 
implement the obligations described in the Convention.  
 
The First National Report of Brazil was reviewed by the Parties to the Convention and 2 
comments and 69 questions were formulated during the review process. A Supplement to the  
National Report containing the answers provided by the Brazilian organizations, aiming at 
completing the proper peer review process was prepared and distributed at the First Review 
Meeting. 

 
The Second National Report of Brazil was prepared by a similar way. The Report, updated the 
contents of a First National Report for the period of 1999-2000. The Second National Report was 
also reviewed by the parties to the Convention and 119 comments and questions were formulated 
during the review process. A similar Supplement to the  Second National Report the answers 
provided by the Brazilian organizations was also issued before the Second Review Meeting. 

 
The Third National Report is now being prepared, updating the information for the period of 
2001-2203. This report is due on 8 September 2004. 

 
The experience of participating in these exercises, specially the peer review process has been 
considered very positive, acting as a peer pressure process to accelerate measures already decided 
by the Brazilian authorities, such as the review of regulations or the implementation of 
improvement programs. 

 
Brazil has signed the Join Convention on the Safety of  Spent Fuel Management and the  Safety 
of Radioactive Waste  Management on 11 October 1997, but unfortunately has not obtained the 
proper ratification in time to participate in the first review meeting. The ratification decree is still 
under discussion in the Brazilian Parliament.   
 
 6.2. Safety standards  
 
CNEN is the Regulatory Body in charge of issuing regulations and standards related to nuclear 
power in Brazil. These are based on the IAEA Nuclear Safety Standards and also in the 
regulations and guides of the countries providing plant technology, i.e. USA and Germany. 
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CNEN has issued radiation protection regulations and standards for the licensing process of 
nuclear power plants, safety during operation, quality assurance, licensing of operational 
personnel and their medical certification for active duty, reporting requirements for the 
operational nuclear power plants, plant maintenance, and others. All together about 56 standards 
have been approved and are in force (see CNEN home page www.cnen.org.br for a complete list 
of regulations). 

 
The licensing regulation CNEN NE 1.04 establishes that no nuclear installation shall operate 
without a licence. It also establishes the necessary review and assessment process, including the 
specification of the documentation to be presented to CNEN at each phase of the licensing 
process. It finally establishes a system of regulatory inspections and the corresponding 
enforcement mechanisms to ensure that the licensing conditions are being fulfilled. The 
enforcement mechanisms include the authority of CNEN to modify, suspend or revoke the 
licence. 
 
Industrial standards used by designers and operators are based on international industrial 
standards or the standards of the supplying country, with adaptation to the Brazilian situation. 
The adoption of these standards have to be submitted to CNEN approval during the licensing 
process.    
 
6.3. International peer reviews 
   
Brazil has from the beginning subjected its nuclear power program to international peer safety 
review. In reality Brazil was the first country to have its Regulatory Body subjected to an IAEA 
review, early in 1987. Angra 1 was also the second nuclear power plant subjected to an 
Operational Safety Review Team (OSART) mission. 
 
Furthermore, periodical reviews of the plant safety conditions have been performed by the INPO, 
WANO and the IAEA. Table 1 shows the list of recent reviews.  
 
  

7.  CONCLUSION 
 
A Global Nuclear Safety Regime has been recognized as a necessary step to keep open the 
nuclear energy option. The necessary steps have been taken to implement this regime. The 
outcome of this effort - the improvement of nuclear safety everywhere and the avoidance of a 
major accident - is a necessary condition for the retaking of nuclear development in the whole 
world.  Brazil is following this Global development and participating actively in all aspects of the 
Regime. 
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Table I. INTERNATIONAL TECHNICAL MISSIONS 

RELATED TO ANGRA NUCLEAR POWER PLANTS DURING  1998/2003 
 

N. Year Mission Subject 

1 1998 WANO – PC Technical Assistance Visit in the Area of Reactor 
Engineering 

2 1998 WANO – PC WANO Peer Review Training Course  

3 1998 WANO Technical Visit in the Chemistry Area – Angra 2 

4 1998 IAEA RLA-04/12 Technical Meeting – Refuelling and Outage planning 

5 1999 WANO Technical Support – Engineering and Maintenance 
Assistance – Angra 1 

6 1999 IAEA Systematic Approach to Training (SAT) 

7 1999 WANO Human Performance and Root Cause Analysis 

8 2000 IAEA RLA –
04/16 Special meeting on Cost Management 

9 2000 WANO General Peer Review – Angra 1 

10 2001 IAEA Workshop “Management of Safety and Safety 
Culture” 

11 2002 IAEA OSART Angra 2 

12 2003 IAEA OSART Angra 1 
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