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and evaluated to verify and validate the adopted systematic approach. The exercise was observed
by international experts from the IAEA and Argentina, who prepared a report [15] which
concluded that the exercise achieved most of its objectives.

Regarding information to the public, SIPRON norm NG-05[16] establishes the requirements for
public information campaigns about emergency plans. The first public information campaign was
conducted by FURNAS in 1982 before the first criticality of Angra 1 was attained. Several other
campaigns have been conducted. The last campaign in 1997 combined information on both on-
site and off-site emergency plans, including the population living in the 15-km area around the
plant. This campaign included the distribution of informative material on a house-to-house basis,
to local newspaper, radio, TV, buses and bus stations, schools, community association, churches,
and administrative offices. These campaigns are conducted by personnel from the federal, state
and municipal civil defense, state fire brigade, ELETRONUCLEAR volunteers, and CNEN and
ELETRONUCLEAR technical and public information personnel. Preceding every siren test or a
general emergency exercise, specific flyers are distributed in affected areas and handed along
main routes to passing drivers and buses, and vehicles fitted with loudspeakers circulate through
villages making announcements to ensure that all residents have been properly informed.

It should be noted that, due to the particular geographical situation of the Angra plant, no
radiological impact is likely to occur in any neighboring countries, even in the improbable event
of a major release. Notwithstanding that fact, Brazil has signed both the Convention on Early
Notification of a Nuclear Accident and the Convention on Assistance in Case of a Nuclear
Accident or Radiological Emergency, and a bilateral agreement with Argentina for notification
and assistance in case of a nuclear accident.

Chapter 5 - SAFETY OF INSTALLATIONS
BR01E1214

5.1. Article 17. Siting

The Brazilian siting regulation CNEN 09/69 [5] requires a site approval before the issuance of a
construction authorization. The Angra site has already been approved for the 3 units. Site
parameters are further evaluated during the PSAR preparation and review and are taken into
consideration in the plant design.

For the Angra 1 plant, whose construction began in 1972, the environmental impact was not
formally evaluated before site approval, since no related regulations existed at the time. The
environmental impact was assessed at the time of the operating licence by FEEMA as described in
3.1. above.

Since the promulgation of Law 6938 of August 31 1981, which establishes the National Policy on
the Environment (PNMA), "the construction, installation, expansion and operation of facilities or
activities which cause or may cause pollution or are capable of causing environmental
degradation" requires an environmental licence. This involves the elaboration of an
Environmental Impact Study (EIA) and the preparation of an Environmental Impact Report
(RIMA) before site approval. Considering that the site of Angra nuclear power plant was already
in use for a nuclear unit, the environmental licensing of Angra 2 included the preparation of an
EIA/RIMA only for the operation licence. These documents are currently being reviewed by
IBAMA in cooperation with CNEN. The RIMA will constitute the main document to be
discussed during the public hearings scheduled for the end of 1998, within the environmental
licensing process.

With respect to Angra 1, site parameters continue to be evaluated during plant operation,
especially those related to the demographic distribution with respect to emergency preparedness.
An updating of the detailed population census in the vicinity (5-km radius) of the power plant was
conducted in 1996.

5.2. Article 18. Design and construction

The design of the Brazilian nuclear power plants is based on established nuclear technology in

http://www.cnen.gov.br/national.htm 28/01/99



PaginadaW 17de30

countries with more advanced programmes. The licensing regulation CNEN-NE-1.04[4] formally
requires the adoption of a "reference plant" which shall have a similar power rating, be under
construction in the country of the main contractor, and go into operation with sufficient time to
allow for the use of the experience gained from pre-operational tests and initial operation.

Therefore, Angra 1 was designed and constructed with US technology, which incorporates the
concept of defense in depth, including the use of multiple barriers against the release of
radioactive material. Extensive use was made of US codes and guides such as ASME 3, ASME
11, IEEE standards, ANSI standards and US NRC Regulatory Guides. Operating experiences
from US plants, especially the fire at Browns Ferry and the accident at Three Mile Island, were
incorporated through modification of the design, during the construction phase. Design review
and assessment were performed through preparation by FURNAS and its contractors of a PSAR
and a FSAR, which were evaluated by CNEN during the licensing process.

Construction adopted a quality assurance programme, which encompassed all activities related to
safety conducted by FURNAS and its contractors and subcontractors. CNEN monitored the
implementation of the quality assurance programme through the regulatory inspection programme
and by establishing of a resident inspector group during the construction phase.

In a similar manner, Angra 2 has been designed and is being constructed with German
technology, within the framework of the comprehensive technology transfer agreement between
Germany and Brazil. The plant is "referenced" to the Grafenrheinfeld nuclear power plant,
currently in operation in Germany. The problem of the long construction delay has been addressed
through a continuous updating of the design, incorporating feedback from operational experience
from German and other countries' nuclear power plants, and new licensing requirements in Brazil
and Germany. The problem of the long period of storage for early manufactured components was
dealt with by an appropriate and careful storage process, which involved adequate packing,
storage, monitored environmental conditions and a periodical inspection programme. The storage
programme and procedures were reviewed by an international group of experts from the IAEA in
1994, with positive results[l7].

5.3. Article 19. Operation

5.3.1. Item i. Initial authorization

The operation of a nuclear power plant in Brazil is subject to two formal steps of approval steps
by CNEN within the regulatory process: authorization for initial operation (AOI) and
authorization for permanent operation (AOP).

The authorization for initial operation is issued after the completion of the review and assessment
of the Final Safety Analysis Report (FSAR), and takes into consideration the results of regulatory
inspections carried out during the construction and pre-operational test period. Additionally, it
requires the operator to have prior authorization for utilizing nuclear materials; a physical
protection programme in accordance with CNEN regulations; an emergency plan in accordance
with SIPRON regulations; and financial guarantees regarding the legislation on civil liability.
Simultaneously, the corresponding environmental licence must be obtained from IBAMA, in
accordance with the national environmental legislation.

The authorization for permanent operations, in addition to the AOI requirements, is based on the
review of the start up test results. Safety requirements during operation are established by
regulation CNEN-NE-1.26[18].

Operation is monitored by CNEN through an established system of periodical reports [7],
notification of safety-related events and through the regulatory inspection during operation. The
site houses a group of CNEN resident inspectors. Similar monitoring regarding the environmental
impact is performed by IBAMA.

5.3.2. Item ii. Limits and conditions for operation
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Limits and conditions for operation are proposed by the applicant in the FSAR, reviewed and
approved by CNEN during the licensing process, and referenced in the licence document. No
changes in these limits and conditions shall be made by the licensee without prior approval by
CNEN.

5.3.3. Item iii. Operation, maintenance, inspection and testing

Safety requirements during operation are established by regulation CNEN- NE- 1.26 [18].
Additional CNEN regulations establish more detailed requirements for maintenance [19] and in
service inspection[20].

The implementation of these requirements at the plant is achieved through the preparation of an
Operation Manual, which contains guidelines for developing, approving and controlling plant
procedures according to the nuclear class and the Quality Assurance programme. It also contains
the actual procedures for all activities to be conducted in the plant concerning operation,
maintenance, inspection and testing.

An administrative procedure (Organization of the Operation Manual) provides the detailed
requirements for developing, approving and controlling all plant procedures. In the case of
surveillance procedures required by the Technical Specifications or the ASME Code, another
administrative procedure provides more detailed instructions regarding the elaboration,
accomplishment and control of procedures. The Plant Operation Review Commission (CAON)
analyses and approves all nuclear safety class procedures and those that are related to the Quality
Assurance programme.

All employees must follow written procedures, and each Department Manager (Operation,
Maintenance, Technical Support, Chemistry, Health Physics, etc), must make certain that all tasks
performed under his/her responsibility are accomplished following the latest review of the
approved procedure. The Quality Assurance Department monitors and controls whether the plant's
organizational scheme is respectful of approved procedures during operation, maintenance, testing
and inspection.

The Operation Manual is divided into volumes according to specific areas of activity, such as:
Administrative, Operation, Chemistry and Radio Chemistry, Reactor Performance, Nuclear Fuel,
Instrumentation, Electrical and Mechanical, Health Physics, Surveillance, Training, Physical
Protection, Emergency Procedures, Fire Protection, Environmental Monitoring. Included in the
Operation volume are the Emergency Operation Procedures and Abnormal Procedures for
assisting in abnormal and accidental events. Specific procedures are also issued for cases of
welding, when qualified persons and materials are made necessary. The procedures should be
reviewed every 2 years.

Temporary procedures are necessary for cases where hired companies (foreign or national)
perform work in the plant. For a contracted company that develops its own procedures, a plant
expert or an engineer whose expertise relates to the work being performed analyses the original
procedure and send the results to the Quality Assurance, so that the latter may check if it meets
the acceptance criteria. A cover sheet with an approval form is attached to the procedure
forwarded to Quality Assurance.

In case of other temporary procedures, the author of the procedure must write an explanation of its
temporary nature and establish a validation period. Temporary procedures can be used only during
the validated period stamped on the procedural form.

The Work Control Group is responsible for planning all the maintenance, inspection and testing
tasks. Inside the work package, procedures, plant modification documents, part lists and other
references applicable to the task should be included. Two more steps are necessary for actually
beginning a task: the discussion at the daily co-ordination meeting and the shift supervisor
approval.
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As a part of the work control process, one stamps the "Work Permit" with a "Red Line" to identify
tasks involving nuclear safety equipment. In this case, quality assurance and maintenance quality
control personnel ensure that approved procedures and part lists with traceability are being used.
In addition, for equipment with a "Risk of Scram", an approved procedure with a "Red Cover
Sheet" must be followed so as to warn workers of the risks and cautions to be taken.

During outages, a written and approved outage procedure controls the overall plant safety
condition for inspection, testing and refuelling operation.

Operational safety is monitored by CNEN through the regulatory inspection programme and by
the routine surveillance carried out by the resident inspector's group. Within
ELETRONUCLEAR, corporate auditing is conducted by the Quality Assurance Department, and
reviewed by the CAON. Additionally addition, periodical peer review is conducted voluntarily by
the operator, by inviting international review missions from INPO, WANO and the IAEA (see
Annex 4 for a list of international technical review missions conducted at the Angra plant).

5.3.4. Item iv. Procedures for responding to anticipated operational occurrences and
accidents.

As mentioned in item 5.3.3, the Angra 1 Operation Manual contains procedures for emergencies
and abnormal situations that must be used in responding to anticipated operational occurrences
and accidents. In cases of abnormal conditions, procedures are followed so as to return the plant to
normal conditions as soon as practical or to bring the plant to a safe state, such as hot shutdown or
cold shutdown. For accidents, Emergency Operating Procedures (EOPs) were written by taking
into account the latest reactor manufacturer guidelines and current international practices.
Emergency Operating Procedures are supplemented by Subsequent Emergency Procedures and
Contingency Emergency Procedures.

An Integrated Computerized System, added to Angra 1 after initial operation, assists the operator
in monitoring Critical Safety Functions (CSF) and other process variables. When a CSF
(Subcriticality, Core Cooling, Coolant Inventory, Containment Integrity, and Heat Sink) is
violated or there is a possibility that the specified limits will be reached, approved procedures
exist to restore the CSF to its normal condition. Colour codes used in the Integrated Computerized
System help the operators to act in a preventive manner to avoid reaching the protection limits.
These colours (green - Normal, yellow - Alert, Orange - urgent, Red - Emergency) guide the
operator in selecting the procedure to be followed. In case the Integrated Computerized System is
not operable, there is a procedure that must be followed by the operator to check if any CSF has
been, or is in the process of being violated.

5.3.5. Item v. Engineering and technical support

Engineering services and technical support are available for the operation of Angra 1 within the
ELETRONUCLEAR organization and are supplemented by outside contractors. The technical
support groups cover all basic engineering fields: civil, electrical, mechanical, instrumentation and
control, systems and components, stress analysis, reactor physics, and radiation protection. In this
respect, the creation of ELETRONUCLEAR, combining FURNAS engineering and technical
support groups with NUCLEN design capability, has significantly improved the support services
available to both Angra 1 and Angra 2 (see item 4.2.2.1).

These groups are involved with the operational analysis, evaluation of operational experience
feedback and system performance, which usually lead to plant modifications. The regulatory body
also demands occasional modifications, after periodical updating of its regulations, by taking into
account new technological developments, feedback from operational experience and new
international practices.

5.3.6. Item vi. Reporting of significant incidents

Reporting requirements during operations are established in regulation CNEN-NE-1.14 [7].

http://www.cnen.gov.br/national.htm 28/01/99



Ragina da W 20 de 30

Different types of reports are established, such as periodical reports and reports of abnormal
events. Immediate notification is required for events which involve the degradation of the plant
safety conditions, or exposure to radiation of site personnel or the public at levels beyond the
established limits. Other events should be reported within 24 hours or 30 days, depending on their
safety significance.

The International Nuclear Events Scale (INES) is used to classify the safety significance of the
events. No event of INES level 1 was reported in 1996/97. In 1996, Angra 1 reported to CNEN
six (6) events of INES level 0. In 1997 this number increased to nineteen (19), all of which had
minor significance, except for the problem resulting from the re-occurrence of fuel degradation as
mentioned in item 2.1.1.

5.3.7. Item vii. Operating experience feedback

The operational experience feedback process in Brazil comprises two complementary systems:
one performed by the utility, which processes both in-house and external information, and one
performed by CNEN.

An Operational Experience Analysis Group was established by FURNAS and continues to operate
under ELETRONUCLEAR. This group investigates relevant incidents occurred in Angra 1 and in
similar nuclear installations in order to make recommendations. A programme to collect operating
experience has been established using several sources of information, such as INPO, WANO and
Owners Groups. In addition, technical exchange visits conducted periodically constitute a
valuable source of information on other plant experiences (see Annex 4 for a list of international
missions related to the Angra plant).

CNEN itself has its own system for operational experience feedback, by which it can analyze
Angra 1 events and actively participate in international organizations to share its own operating
experience, as its has done under the auspices of the International Reporting System (IRS) of the
IAEA. To date, Brazil has reported 10 events to IRS. CNEN transfers the relevant IRS reports it
receives to the operator for evaluation. The feedback loop is thereby completed.

5.3.8. Item viii. Radioactive waste and spent fuel

The Angra 1 nuclear power plant is equipped with systems for the treatment and conditioning of
liquid, gaseous and solid wastes. Liquid wastes are solidified in concrete and conditioned in 55-
gallon drums. Solid wastes may be conditioned in drums or in special boxes. Gaseous wastes are
stored in holdup tanks and may be released from time to time. These tanks have the capacity for
long term storage, which eliminates the need for scheduled discharge. For the time being, medium
and low level wastes are being stored on site in a separate storage facility.

Generated volume of solid radioactive waste material is kept to a minimum by preventing
materials from becoming radioactive, by decontaminating and reusing radioactive materials, by
monitoring them for radioactivity and by separating non-radioactive material prior to conditioning
and storage, and by other volume reduction techniques. Procedures, personnel training and quality
control checks are used to ensure that radioactive materials are properly packed, labeled and
transported to the storage facility.

With respect to the spent fuel of Angra 1, an expansion of the spent fuel pool capacity has been
performed by the installation of compact racks to accommodate the spent fuel generated for the
expected operational life of the unit. —
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Chapter 6. PLANNED ACTIVITIES TO IMPROVE SAFETY

Safety culture entails a questioning attitude and a search for excellence. Therefore,
notwithstanding the good Brazilian record on safety, the country's nuclear operators and
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