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Abstract

The Brazilian nuclear power programme comprises two nuclear power plant in operation from
different supplier countries. Furthermore, the second plant, Angra 2, had its construction started in
1976 and only recently in 2000 has achieved full power operation. This paper presents the experience
of the Brazilian Regulatory Body in licensing this utility with all the complication arising from the
different technologies, and safety philosophy, and the changes in safety standards, owners, suppliers,
contractors and operators during the 25 years of construction. The paper presents first a history of the
construction and commissioning of Angra 2, and then highlights some of the problems encountered in
the licensing process. Some of the difficulties faced by CNEN due to several reorganizations and loss
of personnel are also discussed.

1. INTRODUCTION

Brazil has embarked in a nuclear power programme in the 1970s by constructing a 600 MWe two loop
PWR of American technology. Although the Angra 1 plant was supplied by Westinghouse on a 'turn-
key' basis, a full licensing process was developed, based on the Brazilian regulations which were
established by the Brazilian National Commission for Nuclear Energy (CNEN) at the time of the
project, and which was based on the existing US NRC regulations. This licensing process involved a
site approval, a construction license based on the evaluation of a Preliminary Safety Analysis Report
(PSAR), a authorization for initial operations (AOI) based on the evaluation of a Final safety Analysis
Report (FSAR) and a authorization for permanent operations (AOP) based on the results of a detailed
commissioning programme. The plant went in operation in 1981.

Through this licensing process, the plant operator, FURNAS, has developed! nuclear power project
capability and CNEN, with the assistance of the IAEA and the US NRC has developed its licensing
capability.

In 1975, Brazil, signed a large scope technical cooperation agreement with Germany, which involved
the transfer of technology for the entire fuel cycle, including the construction eind operation of nuclear
power plants. This agreement led to the beginning of the construction in 1976 of the second Brazilian
nuclear power plant, Angra 2, a 1300 MWe PWR at the same site of the first plant. The plant was
expected to be operational in 1983, and a third plant, of the same design was supposed do be built at
the same location with one year shift in the time schedule.

The main supplier of Angra 2 was initially the German company KWU. The architect engineer was a
Brazilian company called NUCLEN, a subsidiary of the large company Nuclebras, which was created
to implement the Brazilian-German agreement. NUCLEN had also participation of KWU, specially in
the technical directorate. Initially, the construction site was to be managed by FURNAS, but later on a
construction company called NUCON was created under the Nuclebras umbrella. FURNAS remained
as the plant operator almost to the completion of construction when the nuclear area of FURNAS was
merged with NUCLEN to form a completely new company called ELETRONUCLEAR, in charge of
design, construction and operation of the Brazilian nuclear power plants. Half way through this
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changing process, KWU became a part of Simens AG, and the role of Simens was substantially
diminished with the creation of ELETRONUCLEAR.

The construction progress was very irregular (see Fig. 1). Lots of work was performed in the initial
years of 1976 to 1980 and even the main components were manufactured early in 1978. However,
significant delays occurred in this period due to the difficulties in the foundation work which used a
pile-foundation solution. Then, during the whole 1980s and beginning of 1990s, financial problems
and a lower then expected growth in the electric demand led to a slow down in the construction,
although the work has never been completely stopped. In 1995 a government decision to conclude the
construction led to a re-organization of the companies and a reasonable stable work rate which lead to
loading of the core on March 30, 2000, first criticality on July 14, 2000, first grid connection on July
21, 2000 and 100% power on"24 November, 2000.
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FIG. 1. Construction Progress of Angra 2.

2. THE LICENSING OF ANGRA 2

Angra 2 licensing process was initially proposed to be conducted in several partial licenses, according
with the German practice adopted for the Convoy plants. However, after the initial difficulties with the
licensing documentation, and due to the requirement of the Brazilian regulation a full FSAR was
prepared, according to the format of the American Regulatory Guide 1.70 - Standard Format and
Contents for FSAR of Nuclear Power Plants.

The review and assessment carried out by CNEN during the licensing process can be separated in
three different periods. At the beginning CNEN had a full licensing capability developed through the
recent experience of Angra 1 and the large training programme established for the Brazilian-German
agreement, called PRONCLEAR. This initial phase lead to several licensing issues being identified,
due to the fact that in general CNEN had more experience than Nuclebras in the licensing of a plant.
The typical example of these issues was the problem related to the seismic design of the pile
foundation, which lead to additional regulatory requirements and costly construction backfitting.

The second phase corresponds to the de-mobilization of the nuclear programme, and consequent loss
of qualified personnel at CNEN, due to attrition, retirement and movement to other areas. Since the
whole design and construction of Angra 2 was also slowed down at this time, no real impact on the
schedule was noticed due to licensing problems.
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The third phase corresponds to the resumption of full speed in the construction of Angra 2, and
consequent flood of licensing documentation at a time when CNEN had partially lost its competence,
and was involved with several other projects such as the operational problems of Angra 1, the
construction of the other fuel cycle facilities, the certification of three operating research reactors, and
the development of a prototype land-based submarine reactor. Of course, CNEN had difficulties to
cope with the increased work load due to Angra 2, and needed additional assistance to adapt to the
new safety philosophy of the German design.

3. EVALUATING THE FINAL SAFETY ANALYSIS REPORT (FSAR)

The FSAR of Angra 2 was written according to the US NRC Regulatory Guide 1.70. and CNEN
intended to make extensive use of the Standard Review Plan (NUREG 800?) of the US NRC in its
evaluation of the document. However, differences in safety approaches between Americans and
Germans made the task difficult. Moreover, the USA had not licensed a single nuclear power plant in
the last 20 years, and its regulations, although very up-to-date in relation to operational issues, lag
behind in relation to new design and construction issues. Typical areas of conflict were the new
concept of Probabilistic Safety Assessment (PSA), the new areas related to Human Factor
Engineering, severe accident considerations and the topic of verification and validation of computer
software. These required several 'ad hoc' decisions, which combined the German experience with
formal American requirements, taking into account new guidance provided by the IAEA
recommendations. Some of these issues are still under discussion and a final decision will be included
in the terms and condition of the Authorization for Permanent Operation (AOP), still been prepared.

An example of such decision is related to the area of PSA. CNEN has accepted for the Authorization
for Initial Operation (AOI) the presentation of a comparative study of Angra 2 with a modern German
plant for which a PSA is available, together with an identification of differences and their impact on
the overall risk. However, CNEN will require a plant specific PSA to be developed for Angra 2 in the
near future, as well as the application of the PSA study to operational and licensing decisions.

Another example of differences between American and German approach is related to operational
technical specification. CNEN has required that a set of Technical Specification be developed for
Angra 2 using the same model used in American plants and also in Angra 1. Since German plants
usually do not develop such documentation, this has cause a major difficulties, because the task is
much complex due to the design differences, specially the different degree of redundancy (2x 100% in
USA, 4 x 50% in Germany) and the presence of a limitation system in Angra 2.

A third example of difficulty relates to the considerations of human factors. CNEN has required a
presentation of a Chapter 18 in the FSAR evaluating the man-machine interfaces and other human
factor considerations. ELETRONUCLEAR had no guidance on how to prepare such documentation
for a German plant. After several months of discussion the scope of the chapter was agreed upon
between CNEN and ELETRONUCLEAR, but this study is still underway at the present.

4. REGULATORY INSPECTION AND EVALUATION OF THE COMMISSIONING
PROGRAMME

The German approach to plant commissioning activities differ substantially from the American one.
Siemens used to be responsible for all commissioning programme up to 100%, and then transfer the
plant to the utility operational responsibility. The procedures adopted in Angra 1, and included in the
Brazilian regulations establish that from the time of loading the core on, the responsibility for the plant
is transferred to the operating organization. This cause lots of conflicts between German specialists
and Brazilian operator. Moreover, on a component or system basis, the 'ownership' and testing status
was difficult to be established, leading to CNEN identifying numerous inspection deficiencies, some
times even in a non-appropriate way.

The inspection of commissioning test was very difficult for two reasons: first, the German test
procedures lack the detailed step-by-step instructions used in USA and to which Brazilian operators
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and inspectors were used and second, German specialists were used to interrupt test due to difficulties,
make adjustments in some components, proceed with the test and review the implications later on,
while Brazilian practices required that an interrupted test be re-evaluated before proceeding, and in
most case would require a re-star from beginning of the test.

Evaluation of commissioning'test results was also difficult due to the style of German test procedures,
which lack specific test acceptance criteria. The development of these criteria was a major effort
undertaken by ELETRONUCLEAR during the test phase, which substantially delayed some tests.
However, this has made easy for the test results review by both ELETRONUCLEAR and CNEN, with
excellent results.

5. CHANGES IN NUCLEAR SAFETY STANDARDS

The long delay in the construction of Angra 2 led to the necessity of the adaptation to evolving nuclear
safety standards. CNEN licensing regulation itself was modernized with the issuance of CNEN-NE-
1.04 Licensing of Nuclear Installations, in 1984.

Also in the field of Quality Assurance, the IAEA Codes and Guides used in the licensing of Angra 1
and initially for Angra 2, were replaced by specific Brazilian regulation CNEN-NE- 1.16 Quality
Assurance for Nuclear Power Plants, which brings the figure of the Independent Technical
Supervisory Organization (OSTI) which justified the creation of a Brazilian Institute for Nuclear
Quality (IBQN).

In the area of plant operations, the new regulation CNEN-NE- 1.26 Safety in Nuclear Power Plant
Operations established most of the requirements for operational control which are now required for the
AOP. These include a requirement for managing the overall plant risk which makes the need for a
plant specific PSA mandatory.

6. CHANGES AT THE UTILITY SIDE

There were several reorganizations of the nuclear power industry during the period, as mentioned
above, which culminated with the creation of ELETRONUCLEAR as design, construction and
operating company under the umbrella of Eletrobras, the large holding company for the electricity
sector in Brazil.

The merge of the nuclear area of FURNAS, a largely hydroelectric utility, with NUCLEN, a relatively
smaller engineering company has required a big effort and caused several interface problems, specially
because part of FURNAS staff was used to the American style of plant operation and engineering
procedures. Also in the area of Quality Assurance, the philosophy of the two organizations were quite
different.

However, this merge had also a positive factor, in the fact that now the operation staff of FURNAS
had available a large engineering support, not only for Angra 2 operation but also for Angra 1.

7. DIFFICULTIES AND SOLUTIONS AT CNEN

The main difficulties at CNEN related to the loss of personnel and consequently of assessment
capability. Although some limited replacement hiring was made in the period, the new staff lack the
experience of Angra 1 and the possibility of training abroad was very limited under the existing
financial limitations.

To overcome these difficulties, CNEN used extensively the assistance of the IAEA, through the
request of experts, and an existing cooperation agreement with the Gesellschaft fuer Reaktorsicherheit
(GRS) of Germany. More than 30 experts missions were carried out during the licensing process, and
specially in the crucial period of 1999/2000 ,13 experts assisted CNEN staff.
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Additional assistance was obtained in the nuclear research institutes operated by CNEN and, in some
instances, in the Brazilian universities.

8. CONCLUSIONS

Brazil's international obligations with respect to the Convention on Nuclear Safety require the
existence of a regulatory body and a formal licensing procedures for the operation of nuclear power
plants. CNEN has being designated as the competent regulatory body, and has made all efforts to
discharge its functions accordingly. The assistance from the IAEA and the regulatory bodies of the
supplying countries has been shown to be an essential component to develop and keep CNEN
competence on nuclear safety matters. Due to the size of the Brazilian programme, it is expected that
some of this cooperation and assistance may be necessary still some time in the future.

In spite of all the difficulties,' CNEN has been able to establish itself as a competent regulatory body,
with a capable staff and an adequate control over the nuclear power plants in operation in Brazil.
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